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This  document  summarizes  the  key  findings  and  presents  the  back- 
ground materials  relevant  to  the  study  entitled  "Systems  Analysis 
of  Arctic  Fuels  Dispensing  Equipment."  The  report  presents  a 
systems  analysis  approach  and  evaluation  of  alternatives  considered 
for  arctic  fuels  dispensing  equipment.  The  report  is  submitted  to 
the  U.S.  Army  Mobility  Equipment  Research  and  Development  Command 
(MERADCOM)  at  Fort  Belvoir,  Virginia  by  Arthur  D.  Little,  Inc., 

20  Acorn  Park,  Cambridge,  Massachusetts  021*t0,  and  was  prepared 
under  Task  Order  No.  9 of  Contract  No.  DAAK70-77-D-002A . The  report 
was  prepared  under  the  guidance  of  Mr.  Leon  Medler  and  Mr.  Taylor 
Jefferson  of  MERADCOM.  Questions  of  a technical  nature  should  be 
addressed  to  Dr.  Donald  B.  Rosenfield,  the  manager  of  the  study  and 
principal  investigator,  at  (617)  86^-5770.  Other  key  contributors 
included  Mr.  Irving  Aarons,  Mr.  Edgar  A.  Gilbert  III,  Mr.  John  S. 
Howland,  and  Dr.  Gordon  Raisbeck. 
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EXECUTIVE  SUMMARY 


The  United  States  Army  has  Identified  a requirement  for  fuel  dispensing 
systems  for  military  units  to  supply  fuel  in  the  arctic  at  temperatures 
down  to  -60°F.  The  U.S.  Army  Mobility  Equipment  Research  and  Development 
Command  (MERADCOM)  commissioned  this  study  to  determine  the  most  pro- 
mising approach  to  develop  arctic  counterparts  to  two  of  the  Army’s 
current  fuel  dispensing  subsystems;  the  fuels  system  supply  point 
(or  FSSP)  and  the  forward  area  refueling  equipment  (or  FARE). 

There  were  two  major  problems  in  modifying  the  current  subsystem  design 
for  use  in  the  arctic:  first,  it  is  very  difficult  to  start  and  operate 
pump  drive  equipment  in  the  arctic  at  temperatures  of  -60aF;  and  second, 
elastomeric  materials  become  too  brittle  to  function  at  low  temperatures. 
It  was  necessary  to  identify  materials  and  components  that  overcome  these 
problems  or  system  concepts  that  avoid  them  and  then  to  devise  a method 
for  soliciting  from  among  these  the  most  promising  candidates  for  develop- 
ment, considering  all  technical  and  practical  constraints.  The  study 
was  carried  out  as  follows: 

e All  systems  that  we  could  conceive  as  possible  for  arctic 
fuel  dispensing  were  tabulated. 

• All  possible  systems  attributes  that  bear  on  system  utility 
were  also  tabulated.  More  than  thirty  attributes  relating 
to  performance,  availability  and  reliability,  development 
risk,  cost,  and  flexibility  and  ease  of  use  were  considered. 

• A scoring  system  (actually,  a sequence  of  increasingly  more 
refined  and  detailed  scoring  systems)  was  divised  to  relate 
the  value  and  importance  of  each  attribute  to  a common  scale. 

e Competing  systems  were  evaluated  according  to  the  scoring 
system.  An  initial  evaluation  with  an  abbreviated  list  of 
aggregated  attributes  was  made  first  to  reduce  the  number 
of  candidate  alternatives  without  eliminating  any  of  the 
best.  The  remaining  alternatives  were  reevaluated  at  an 
increased  level  of  detail. 

After  the  end  of  the  final  phase  of  the  evaluation,  systems  were  rated 
according  to  four  numerical  summary  scores.  These  scores  rated  the 
following  consolidated  attributes: 


• Life  cycle  cost 

e Development  risk 

• Size  and  weight  index 

• Overall  performance 

From  the  scores  In  those  four  attributes  categories  we  have  drawn  the 

following  conclusions  and  recommendations: 

For  an  arctic  application  of  the  AFARE  system: 

e With  additional  development  the  current  Army  concepts 
(See  Chapter  1 and  Appendix  I)  can  be  used  effectively  in 
the  arctic.  In  particular,  a variation  of  the  current 
design  using  a centrifugal  pump  and  a gas  turbine  engine 
was  the  highest  performing  system  that  we  analyzed.  This 
concept  uses  either  advanced  batteries  or  a gas  start  and 
magneto.  Neither  variant  is  the  least  expensive  among 
the  alternatives  nor  does  either  require  the  least  develop- 
ment, but  they  are  the  best  performers  as  well  as  being 
the  lightest  and  the  smallest.  A recirculating  system 
using  a diesel  engine  costs  less  and  performs  well,  but 
it  is  heavier  and  larger. 

For  an  arctic  application  of  the  AFSSP  system: 

e The  current  concept  can  be  used  in  the  arctic  with  additional 
development.  The  appropriate  components  would  also  be  gas 
turbine  engine,  advanced  elastomer les,  and  either  a compressed 
gas  start  or  advanced  batteries.  These  system  options  make 
the  system  more  expensive  and  involve  more  development  risk 
than  some  alternatives.  They  meet  the  stated  size,  weight, 
and  specifications,  however,  and  are  the  best  performing 
systems. 

• A lower  cost  but  lower  performing  system  than  the  modified 
current  design  that  also  meets  the  size  and  weight  restrictions 
is  a sheltered  system  with  continuous  or  intermittent  heater 
and  a diesel  engine  drive.  This  candidate  is  a reasonable 
performer  and  worthy  of  consideration  if  the  Army  is  sensitive 
to  total  cost. 


For  both  systems: 

**  • If  the  Army  Is  mainly  concerned  with  maximizing  performance, 

the  current  designs  with  both  a compressed  gas  start  and 
j T redundant  advanced  battery  would  be  appropriate.  The  systems 

X would  raise  cost,  size  and  weight  a moderate  amount  but  maximize 

reliability  and  other  performance  characteristics. 
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The  major  areas  of  development  that  we  foresee  for  the  AFARE  and  AFSSP 
applications  In  the  arctic  ars  advanced  batteries  and  elastomerics. 
Elastomerlcs  is  currently  the  most  crucial  area  of  development.  Products 
manufactured  by  Goodyear  id  Firestone  can  maintain  flexibility  at 
arctic  temperatures  but  might  require  additional  development  and  refine- 
ment. Currently,  there  are  no  fuel  storage  tanks  that  are  collapsible 
at  arctic  temperatures  of  -60°F.  Future  development  in  hoses  and  col- 
lapsible fuel  tanks  is  extremely  important  for  the  successful  implementa- 
tion of  these  fuel  dispensing  systems. 


CHAPTER  1 - INTRODUCTION  AND  BACKGROUND 


The  United  States  Army  has  identified  a requirement  for  providing  fuel 
dispensing  systems  that  will  supply  fuel  in  the  arctic  at  temperatures 
down  to  -60°F.  Current  systems  in  the  military  inventory  operate  with 
increasingly  poorer  efficiencies  down  to  lower  temperature  limits  in 
the  range  of  -25°P  due  principally  to  poor  low  temperature  properties  of 
I existing  elastomeric  components  and  poor  engine  start-up  capabilities  in 

the  extreme  cold. 

In  January  1979,  the  U.S.  Army  Mobility  Equipment  Research  and  Develop- 
ment Command  (MERADCOM)  engaged  Arthur  D.  Little,  Inc.  to  conduct  a 
systems  analysis  of  viable  alternative  approaches  for  providing  arctic 
fuel  dispensing  equipment  (AFDE)  systems.  MERADCOM's  interest  was  to 
identify  all  possible  systems  and  systematically  analyze  and  rank  the 
possible  approaches.  To  be  included  in  the  examination  of  alternatives 
were  the  Army's  current  subsystems,  Fuel  System  Supply  Points  (FSSP), 
to  be  designated  AFSSP  (for  arctic),  and  Forward  Area  Refueling  Equip- 
ment to  be  designated  AFArfE.  Included  also  in  the  examination  of  alter- 
natives specifically  were  to  be  the  elastomeric  components  of  candidate 
systems  (hoses,  seals,  gaskets,  and  collapsible  fuel  storaoe  containers) 
and  low  temperature  engine  start-up  capabilities  for  the  fuel  pump  drive 
systems.  Artists  conceptions  of  these  systems  are  presented  in  Figures 
1-1  and  1-2. 

The  U.S.  Army  has  identified  the  following  general  missions  and  specific 
operations!  requirements  for  the  AFSSP  and  AFARE  subsystems  of  the  AFDE 
systems : 

• The  broad  mission  of  the  AFDE  systems  is  to  satisfactorily  supply 
fuel  for  military  operations  in  areas  with  temperatures  ranging 
from  +90°F  down  to  -60°F  in  the  arctic. 

• The  mission  of  the  AFSSP  is  to  serve  as  the  bulk  fuel  receiving, 
storage,  and  issuing  facility  for  the  immediate  resupply  of 
corps,  divisional,  nond i vi s iona 1 , and  brigade  units  that  are 
operating  at  temperatures  down  to  -60°F.  The  issuing  function 
will  involve  primarily  dispensing  the  stored  fuel  to  small  bulk 
containers  for  transport  to  forward  operational  areas.  It  will 
secondarily  be  capable  of  performing  a service  station  type 
function  when  necessary  and  dispense  directly  to  mobile  fuel 
consuming  equipment. 


• The  mission  of  the  AFARE  is  primarily  to  refuel  attack  heli- 
copters as  far  forward  on  the  battlefield  as  possible  at  temper- 
atures down  to  -60°F.  These  systems  must  be  deployable  by 
utility  helicopters.  They  must  be  capable  of  receiving  bulk 
fuel  resupply  by  helicopters,  by  all  types  of  bulk  fuel  tankers, 
and  by  C— 1 30  bladder  birds.  The  AFARE  must  also  be  capable  of 
refueling  ground  support  equipment. 

The  operational  requirements  for  acceptable  systems  are  listed  in  Appendix 
1.  In  conducting  this  study,  Arthur  D.  Little  performed  the  following 
tasks: 

• Obtained  a clear  definition  of  the  mission  and  performance  re- 
quirements for  the  arctic  FSSP  and  the  arctic  FARE  systems. 

• Confirmed  the  various  operational,  equipment  performance,  and 
materials  problems  associated  with  operations  in  the  arctic 
at  temperature  extremes  down  to  -60°F. 

• Developed  a comprehensive  listing  of  posssible  equipment  systems 
configurations  which  could  perform  the  missions  for  the  AFSSP 
and  the  AFARE. 

• Refined  the  possible  systems  into  feasible  alternative  technical 
approaches . 

• Performed  a rank  ordering  of  the  feasible  alternatives. 

• Identified  further  development  required,  relative  likelihood 
of  success,  and  estimated  costs. 

• Formulated  recommendations  for  component  testing  and  additional 
data  required  to  allow  a decision  for  an  advanced  development 
fol low-on  program. 

Arthur  D.  Little's  broad  approach  in  identifying,  refining,  and  finally 
selecting  the  most  feasible  alternatives  began  with  developing  the  most 
comprehensive  list  possible  of  scenarios  which  could  work.  No  constraints 
such  as  pract ica 1 i ty,  details  of  systems  designs,  development  costs  or 
time  requirements,  known  Army  employment  doctrine,  or  adverse  effects 
of  -60°F  temperature  environment  were  initially  considered  in  the  first 
listing.  As  explained  in  detail  in  subsequent  chapters,  the  alternatives 
In  this  first  listing  for  both  AFSSP's  and  AFARE's  were  ranked  and  scored 
In  terms  of  feasibility  with  the  first  elimination  based  primarily  on 
the  criteria  of  acceptable  performance  in  the  arctic.  Our  early  study 
research  into  current  cold  weather  practices  and  technology  was  used  for 
this  first  evaluation  effort  and  for  the  development  of  final  alternatives. 
A final  evaluation  and  ranking  of  the  remaining  alternatives  was  accom- 
plished based  on  cost  factors  and  differences  in  details  of  system  com- 
ponents. 


The  results  of  this  study  have  been  orgainized  into  the  following  topics, 
each  of  which  is  presented  in  a separate  chapter. 

Chapter  i:  Introduction  and  Background 

Chapter  2:  Systems  Analysis  Methodology 

This  chapter  presents  the  attributes  of  arctic  refueling  systems  that 
have  bearing  on  their  usefulness  and  a systems  analysis  approach  in 
evaluating  alternatives  subject  to  such  multiple  attributes.  The  chapter 
presents  the  methodology  by  which  the  remaining  analysis  is  performed. 

Chapter  3=  Technical  Approaches  and  Alternatives 

This  chapter  presents  a description  of  all  the  concepts  considered  for 
AFARE  and  AFSSP. 

Chapter  Preliminary  State-of-the-Art  Research 

This  chapter  presents  the  preliminary  state-of-the-art  research  for 
arctic  refueling  operations.  Included  are  the  results  from  an  extensive 
field  trip  to  the  arctic. 

Chapter  5:  First  Phase  Evaluation 

This  chapter  presents  the  systems  evaluation  of  the  various  alternatives. 
The  results  of  the  evaluation  were  a determination  of  a limited  set  of 
alternatives  utilized  in  a second  phase  evaluation. 

Chapter  6:  Final  State-of-the-Art  Research 

This  chapter  presents  the  results  of  second  phase  state-of-the-art  re- 
search. These  research  issues  arose  out  of  the  results  of  the  first 
phase  evaluation  and  were  directed  at  the  uncertainties  involved  in  the 
favored  systems. 

Chapter  7-  Final  Evaluation  of  Alternatives 

This  chapter  presents  the  systems  analysis  evaluation  of  the  final  alter- 
natives which  leads  to  the  recommendation  for  the  most  favored  systems. 

The  methodology,  which  Includes  a four  valued  vector  evaluation  of  each 
alternative,  is  also  presented. 

Chapter  8:  Recommendations  for  Future  Development  and  Testing 
Requ i rements 

Based  on  the  final  evaluation  and  recommendations  concerning  favored 
systems,  this  chapter  presents  recommendations  for  development  and  testing. 


5 


Figure  1-3  depicts  the  logical  flow  of  the  chapters.  Chapters  2,  5,  and 
7 are  geared  toward  the  systems  analysis  approach  of  the  study.  Chapters 
3,  4,  and  6 are  geared  toward  the  engineering  issues  and  alternatives. 
Chapters  1 and  8 deal  with  the  overall  study. 
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CHAPTER  2 - SYSTEMS  ANALYSIS  METHODOLOGY 


2,1  GENERAL  METHODOLOGY 


The  overall  method  of  identifying  concepts  most  appropriate  for  the  AFARE 
and  AFSSP  systems  was  a systems  analysis  approach  consisting  of  two  major 
steps: 

• Identification  of  alternative  system  concepts 

• Systems  evaluation  of  the  alternative  concepts  in  terms  of 
the  systems  attributes 

The  actual  process  was  somewhat  more  involved  in  that,  first,  the  attri- 
butes appropriate  for  systems  evaluation  had  to  be  identified,  and 
second,  the  evaluation  procedure  was  an  iterative  one  involving  two 
phases.  A flowchart  for  the  overall  procedure  is  depicted  in  Figure  2-1. 

In  identifying  system  attributes,  those  characteristics  of  the  systems 
that  we  believed  might  be  useful  in  evaluation  were  tabulated  and  cate- 
gorized. These  attributes  spanned  the  range  of  cost  and  performance 
characteristics.  After  each  evaluation,  the  attribute  list  was  refined 
by  aggregation  and  in  some  cases,  elimination.  Attributes  were  eliminated 
if  there  were  no  discernable  differences  with  respect  to  that  attribute 
among  the  remaining  system  concepts. 

For  example,  none  of  the  identified  system  concepts  appeared  to  show  any 
advantages  with  respect  to  system  security,  so  this  attribute  was  dropped 
from  consideration.  Aggregation  was  utilized  whenever  practical  among 
related  attributes. 

Evaluation  of  systems  attributes  was  performed  in  several  ways.  One 
method  was  a qualitative  evaluation  that  compares  the  relative  merits 
of  competing  systems.  As  an  example,  a relative  scale  of  0 to  5 was 
frequently  utilized  where  5 represented  the  best  relative  score  for  a par- 
ticular attribute  and  0 represented  the  lowest  relative  score.  Another 
method  was  the  actual  numerical  value  of  certain  attributes.  As  an  example, 
in  the  final  phase  of  evaluation,  life  cycle  cost  in  estimated  dollars  ex- 
pended over  a ten  year  period  was  utilized  as  a basis  for  comparison. 

The  most  desirable  method  of  analysis  would  have  been  to  develop  complete 
detail  for  all  attributes  of  each  system  under  evaluation.  However,  this 
was  not  feasible  in  this  instance  and  the  heart  of  the  methodology  became 
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an  Iterative  evaluation  procedure.  In  the  first  phase,  all  attribute 
evaluations  were  qualitative  using  relative  measures  to  eliminate  alter- 
natives that  were  clearly  less  desirable  than  others.  In  subsequent 
phases  of  evaluation  the  remaining  systems  were  defined  in  increasing 
detail  to  permit  more  detailed  comparison  of  system  attributes.  As  the 
iteration  method  proceeded  the  variation  in  attributes  between  competing 
concepts  were  reduced  and  it  became  necessary  to  identify  minor  differ- 
ences between  concepts.  In  the  final  phase  of  evaluation  the  level  of 
detail  was  sufficient  to  identify  the  most  promising  system  concept. 

The  actual  overall  evaluation  in  each  of  the  iterative  steps  consisted  of 

• A qualitative  or  quantitative  evaluation  of  each  attribute 
for  each  system  or  system  conponent. 

• A scoring  or  trade-off  analysis  to  evaluate  each  system 
subject  to  its  scores  on  the  various  attributes. 

The  scoring  involved  the  weighting  of  each  attribute  score  for  an  overall 
system  score.  In  the  final  phase  of  evaluation,  however,  a somewhat 
modified  method  of  system  trade-off  was  utilized.  The  detailed  method- 
ologies for  system  scoring  and  evaluation  are  described  in  the  first  and 
second  phase  evaluations  in  chapters  5 and  7. 

2.2  IDENTIFICATION  OF  ATTRIBUTES 

In  order  to  evaluate  each  of  the  concept  systems,  a list  of  system  at- 
tributes was  developed.  In  each  of  the  evaluation  phases,  the  attribute 
list  was  reduced  to  some  extent  to  reflect  possible  aggregation  and 
eliminations  (the  latter  when  there  was  little  or  no  variations  among 
systems).  These  are  discussed  in  the  sections  on  first  and  second  phase 
evaluation.  The  attribute  list  in  this  chapter  represents  a complete 
list  of  system  characteristics  judged  to  be  of  importance  by  MERADCOM, 
without  regard  to  relative  importance,  overlap,  discriminatory  ability, 
or  level  of  appropriate  detail.  Therefore,  all  of  the  following  were 
considered,  but  possibly  not  utilized  in  later  evaluations.  Subsequently, 
in  the  first  phase  evaluation,  the  list  was  modified  and  reduced. 

The  attributes  consist  of  characteristics  encompassing 

• Performance  specifications 

• Availability  - Reliability 

• Development  Risk 

• Cost 

• Flexibility  and  ease  of  use 

• Other  factors 


and  Include: 


1.  Performance  Specifications 

• Capability  of  system  in  meeting  requirements  for 

- capacity 
refuel i ng 

- off-loading 

• System  turn  around  speed  for  off-loading 

• System  response  capability  for  refueling  tasks 

• Fuel  f lexi b i 1 i ty 

2.  Availability-Reliability 

• Probability  of  system  being  available  and  functional  at 

-60°F 

-50°F 

-l40°F 

-25°F 

0° 

+ 32°F 
+90°F 

• System  Lifetime  - Average  time  until  system  is  scrapped  or 
replaced  due  to  simultaneous  obsolescence  of  major  components. 

3.  Development  Risk 

• Probability  of  Implementation  using  current  technologies  within 

- 1982 

- 1985 

- 1988 

• Probability  of  developing  the  following  components  within  time 
period 

hoses 

- filter 

pump  and  drive 
seals 

- coll aps i bl e drums 
nozzles 
clothing 

• Probability  of  implementing  Integrated  system  assuming  components 
can  be  developed 


1 1 


Variability  of  development  cost  for 


- hoses 

- filter  separators 

- pump  and  drive 
sea  1 s 

- col lapslble  drums 

• Dependence  on  undeveloped  or  high-cost  materials,  i.e., 

I-  very  high 

high 

- moderate  (high  cost  but  definitely  available  and  needed  only 
for  limited  quantities) 

1 1 ttle  or  none 

A.  Cost 

• Annualized  cost  of  capital  by  component 

• Development  costs  for 

- hoses 
- filter 

pump  and  drive 
seals 

- collapsible  drums 
nozzles 
- clothing 

• Development  cost  for  integrated  system 


• Operating  cost 

fuel  for  pump  drive 
replacement  parts 
inventory 

- manpower  to  operate 

- extra  manpower  for  maintenance 

5.  Flexibility  and  Ease  of  Use 

• Size 

• Weight 

• Ease  of  Operation 

• Set-up  Time 

• Dismantling  time 

• Terrain  performance  and  on-site  restrictions 

••  rugged  terrain 

- thick  brush  or  timber 
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• Operational  dependence  on  special  tools,  skills 

• Maintenance  dependence  on  special  tools,  skills 

• Transportability 

• Ability  of  system  to  stand  alone 

i 6.  Other  Factors 

I • Safety  of  personnel 

• Security 

• Vulnerability  for  9 situations  listed  in  LOA 

• Environmental  compatibility 

• Maintenance  time  (man-hours/year)  for  system  as  a function 
of  the  individual  components 

• Maintenance  frequency  for  system 

The  goal  in  developing  the  attribute  list  was  the  cons iderat Ion  of  all 
possible  factors  in  rating  competing  systems.  At  each  evaluation  stage, 
attributes  were  refined  to  a degree  commensurate  with  the  evaluation. 

In  the  first  stage  of  evaluation  the  goal  was  to  rank  the  competing 
systems  with  respect  to  the  above  list  of  attributes.  Attributes  were 
aggregated  only  when  the  precision  obtainable  was  not  commensurate  with 
the  detail  of  the  original  attribute  list.  This  procedure  is  described 
in  Chapter  5. 


CHAPTER  3 - TECHNICAL  APPROACHES  AND  ALTERNATIVES 


k 
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This  chapter  describes  the  principal  arctic  fuel  dispensing  systems  and 
variants  of  them  that  were  compared  in  this  study.  We  started  with  the 
present  FARE  and  FSSP  systems,  added  concepts  and  ideas  suggested  by 
the  staff  at  MERADCOM,  conducted  a "brainstorming"  session  with  about 
a dozen  engineers  at  Arthur  D.  Little,  and  informally  surveyed  the  liter- 
ature. After  assembling  an  initial  collection  of  concepts,  we  investi- 
gated the  plausibility  of  combining  features  of  one  concept  with  features 
of  another  to  make  new  combinations.  Finally,  we  sorted  the  resulting 
list  into  groups  having  similar  features. 

In  the  end,  we  had  ten  basic  alternative  arctic  fuel  dispensing  system 
concepts,  most  of  which  had  one  or  more  plausible  variants.  Some  con- 
cepts or  variants  are  appropriate  only  for  AFARE,  some  only  for  AFSSP, 
and  some  are  appropriate  for  both.  This  chapter  describes  17  variants 
of  the  basic  ten  that  were  identified  for  AFARE  and  18  that  were  identi- 
fied for  AFSSP.  Each  is  potentially  subject  to  four  further  minor  vari- 
ations of  such  a nature  that  they  can  be  applied  to  any  of  the  35-  Based 
on  preliminary  state-of-the-art  information  which  was  gathered  shortly 
after  these  initial  listings,  these  variants  were  further  modified  to 
16  base  scenarios  for  AFARE  and  21  for  AFSSP  for  the  first  evaluation. 

The  four  minor  variants  were  changed  to  include  pump  possibilities,  pump 
drive  possibilities,  hose  alternatives,  and  storage  tank  alternatives. 

All  were  rated  separately  and  the  number  of  alternative  systems  were 
reduced  quickly  to  manageable  proportions  for  final  evaluation  as  des- 
cribed in  Chapter  5.  Nevertheless,  the  initial  alternatives  which  follow 
form  the  basis  for  the  final  alternatives  rated  further  in  this  study. 

The  10  original  base  concepts  include  the  following: 

1.  Systems  utilizing  in  concept  the  current  FSSP  and  FARE 
configuration.  (See  Figures  3“ 1 • 3*2,  and  3-3)  Within 
these  guidelines,  there  are  the  following  component 
var iat ions : 

a.  Pumps 

(1)  Special  scroll  pumps  (A.D.  Little  designed  item) 

(2)  Peristaltic  pumps 

(3)  Centrifugal  pumps 

(1*)  Positive  displacement  pumps 


b.  Pump  Drive  Systems 

(1)  Gas-turbine  engine 

(2)  Gasol i ne  eng i ne 

(3)  Diesel  Engine 
(A)  Electrical  motor 
(5)  Double  gas  turbine 

2.  Systems  similar  to  the  current  FSSP  and  FARE  configurations 
but  which  utilize  some  type  of  energy  storage  or  alternative 
energy  source  to  help  start  the  pump  drive  equipment.  These 
devices  include: 

a.  Exhaust  heat'  from  the  vehicle  being  refueled 

b.  Continuous  self  heater 

c.  Portable  heater  for  drive  only 

d.  Compressed  air/gas  start 

e.  Other  type  of  energy  storage 

f.  Some  type  of  intermittent  unattended  heater 

3.  Systems  similar  to  current  FSSP  and  FARE  configurations  excepting 
an  accumulat:ng  compressed  air/gas  pumping  system  which  replaces 
other  pumping  equipment.  Compressed  air/gas  is  generated  by 

a.  Compressor  using  conventional  drive  engines  for 
compressed  air. 

b.  Solid  propellent  energy  source  for  compressed  gas- 

i».  Systems  with  an  inflatable,  insulated  shelter  erected  on 

site  to  protect  pump/pump  drive  and  filter/separator  assemblies 
and  operating  personnel. 

5.  Systems  similar  to  current  systems  but  with  the  pump/pump  drive 
and  f 1 1 ter/separator  assemblies  permanently  housed  in  a rigid 
enclosure  on  a truck,  or  trailer  or  within  a cabinet,  each  of 
which  could  be  transported  as  a unit  by  large  helicopters. 
Critical  parts  of  components  within  the  enclosure  would  be 
heated . 

6.  Systems  which  have  all  or  part  of  the  components  housed  on  a 
vehicle,  for  example: 

a.  All  on  a truck,  such  as  a tanker  truck  or  trailer 

containing  a fuel  storage  tank,  pump,  filter/separator, 
and  hoses  on  reels. 


' (Not  suitable  for  AFARE  because  helicopters  have  to  be  shut  down  on 
refueling  due  to  static  electricity  risk  - See  Chapter  k) . 
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b.  All  on  a helicopter,  i.e.,  a helicopter  dedicated  to 
this  fuel  dispensing  mission  which  contains  a fuel 
storage  tank,  pump,  filter/separator,  and  hoses  on 
reel s. 

c.  All  components  mounted  on  a truck  or  trailer  except 
the  fuel  storage  tanks. 

d.  All  components  mounted  on  a dedicated  helicopter 
except  the  fuel  storage  tanks. 

7.  Systems  with  added  hose  and  valving  arrangement  to  permit  con- 
tinuous complete  system  low  rate  recirculation  at  temperatures 
in  the  -60°F  range. 

8.  Systems  having  certain  components  which  are  or  would  be  mounted 
permanently  on  all  ground  vehicles  and  helicopters  receiving 
standard  military  fuels: 

a.  One  concept  would  be  systems  identical  to  current 
systems  less  pump/pump  drive  and  filter/separator 
assemblies  which  would  be  mounted  on  all  vehicles. 

b.  Another  concept  would  be  systems  identical  to  current 
systems  less  only  the  pump  drive  assemblies.  Pump 
drives  would  be  by  power  take  off  from  vehicle  and 
and  helicopter  accessory  equipment  (i.e.,  by  modifica- 
tion of  the  winch  assemblies,  etc.) 

9.  Systems  similar  to  current  systems  with  the  pump  drive  system 
utilizing  advanced  energy  sources  such  as: 

a.  Atomic  energy 

b.  Microwave  energy 

c.  Wind  power  energy 

d.  Solar  energy 

10.  Systems  similar  to  current  systems  excepting  rigid  fuel  storage 
containers  to  be  mounted  on  trucks  or  on  flat  bed  trailers  and 
transported  to  and  parked  on  sites  by  ground  vehicles.  Smaller 
rigid  tanks  could  be  helicopter  transported  to  sites  and  re- 
placed in  the  same  manner  when  emptied. 

There  are  four  variations  on  components  of  the  system  that  can  be  used 
to  develop  the  multiple  combination  described  above.  These  include: 

a.  Use  of  rigid  pipeline  materials  (for  instance,  aluminum)  for 
long  runs  of  pipe,ln  conjunction  with  short  pieces  of  flexible 
hose.  The  short  flexible  hose  would  be  used  as  required  to 
provide  flexibility  in  placing  the  piping  systems  on  rough, 
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uncleared  terrain  or  for  connecting  components  at  variable 
elevations  on  site.  Transportability,  flexibility  and  ease 
of  operation  will  decrease,  but  reliability  and  dependence 
on  high-cost  materials  could  be  advantageous. 

b.  Use  of  redundancy  in  incorporation  of  multiple  pumps,  pump 
drive  systems,  fuel  filter/separator  units  and  other  key 
components  in  the  overall  systems  for  added  reliability. 
Transportability  would,  of  course,  decrease. 

c.  Use  of  less  expensive  rubber  compounds  when  developed  for 
hoses,  seals,  and  gaskets.  Reliability  may  decrease,  and 
development  cost  variations  could  increase,  but  dependence 
on  high  cost  materials  will  decrease. 

d.  Use  of  small  diameter,  higher  pressure  hose.  This  option 
will  reduce  the  cost,  weight  and  size  of  hosing,  but  will 
necessitate  a change  to  types  of  pumps  which  are  heavier 
and  more  costly. 

The  remainder  of  this  chapter  presents  a description  of  each  AFARE  and 
AFSSP  alternative  according  to  a common  format. 
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AFARE 

ALTERNATIVE  1 
Similar  to  FARE 


1.  All  separate  components  as  listed  below  capable  of  operating  at  -60°F. 
Ground  vehicle  and  helicopter  transportable  (exclusive  of  collapsible 

drums  which  would  be  airlifted  to  site  separately). 

2.  One  200  GPM  pump  and  pump  drive  assembly  using  combinations  of  any 
of  the  fol lowi ng: 


a.  Pumps 

( 1 ) Scroll  pumps  (A.O.  Little  proprietary  item) 

(2)  Peristaltic  pumps 

(3)  Centrifugal  pumps 

(M  Pos  i t i ve  Displacement  Pumps 

b.  Pump  Drives 


3- 


(1) 

(2) 
(3) 

$ 

One  200  GPM 


Gas  turbine  engine  (30  hp) 
Gaso 1 i ne  eng i ne 
Diesel  engine 
Electric  motor 
Double  gas  turbine 
fuel  filter/separator 


A.  Fuel  storage  consists  of  two  or  more  500  gallon  collapsible  drums 
carried  to  site  by  sling  loading  to  helicopters. 

5.  Flexible  hoses,  approx imate I y 300  feet  of  2 inch  discharge  hose 
and  60  feet  of  2 inch  suction  hose  with  valves,  fittings,  seals 
and  gaskets. 


6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AfARE  accomplished  by  helicopter  t ransport i ng  500  gallon 
replacement  collapsible  drums  from  AFSSP. 


Advantages/D i sadvantages 

Fully  air  and  ground  transportable,  high  on  flexibility,  fully  meets 
all  criteria  , fairly  high  on  development  risks,  high  on  capital  costs. 


AFARE 

ALTERNATIVE  2b* 
Continuous  Heating 


1.  Pump  and  pump  drive  and  f i 1 1 e r/separa tor  assemblies  receiving 
special  treatment  (See  paragraph  8 below).  Other  components  up- 
graded to  -60  F capabilities  and  employed  in  open,  unprotected 
status. 

2.  One  200  GPM  pump  driven  by  30  H.P.  gas  turbine  engine. 

3.  One  200  GPM  fuel  f i I ter/separator. 

ft.  Fuel  storage  consists  of  two  or  more  500  gallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  .approximately  300  ft  of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  with  valves,  fitting,  seals  and 
gasLcts . 

6.  Two  no??les  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gal- 
lons replacement  collapsible  drums  from  AFSSP. 

8.  Pump/pump  drive  and  f i 1 t e r/sepa i a I oi  assemblies  to  be  mounted  in 
covered  light  truck  or  trailer  or  in  skid  mounted  container  which 

is  heated  by  the  pump  drive  engine  or  alternate  heater  kept  running 
almost  continuously  during  extreme  cold  temperatures  or  Intermittently 
when  system  not  in  use  at  low  extreme  temperatures.  These  covered 
components  to  be  helicopter  transportable. 

Ad van  tages/D i sadvantages 

Increases  reliability  of  starting  and  operations,  decreases  develop- 
ment costs  because  key  components  do  not  have  to  meet  -60°F  entered. 
High  operating  and  maintenance  costs,  reduces  transportability, 
increases  capital  costs. 


* This  description  applies  to  2b  and  2e 
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AFARE 


ALTERNATIVE  2c 

Portable  Heater 


I 


1.  Pump  and  pump  drive  and  filter/separator  assemblies  receiving 
special  treatment  (See  paragraph  8 below).  Other  components  up- 
graded  to  -60°F  capabilities  and  employed  in  open,  unprotected 

s ta  tus . 

2.  One  200  GPH  pump  driven  by  30  H.P.  qas  turbine  engine. 

3.  One  200  GPM  fuel  f i I ter/separa tor. 

k . Fuel  storage  consists  of  two  or  more  500  gallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  approximately  300  f t of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  w i t h valves,  fitting,  seals  and 
gaskets . 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  hy  helicopter  transporting  5^0  gal- 
lons replacement  collapsible  drums  from  AFSSP. 


8.  Pump/pump  drive  and  f i 1 ter/separator  assemblies  to  be  mounted  in 
covered  light  truck  or  trailer  or  in  skid  mounted  container.  Pump 
drive  unit  and  filter/separator  assembly  would  be  heated  by  small 
hand-held  heater  (using  propane  fuel  for  instance)  for  sufficient 
period  before  dispensing  from  system  to  enable  equipment  to  heat 
up,  start,  and  operate  effectively.  The  covered  components  to  be 
helicopter  transportable. 

Advantages/Disadvantages 

Increases  reliability  of  starting  but  requires  delayed  starting  of 
system.  Requires  additional  fuel  and  ease  of  operation  is  reduced. 
Reduces  t ranspor tab i 1 i t y and  increases  capital  costs. 


4 
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AFARE 

ALTERNATIVE  2c 
Compressed  Gas  Starting 


1.  Pump  anil  pump  drive  ami  filter/ sepai  ator  assemblies  receiving 
special  treatment  (See  paragraph  8 lie  low).  Other  components  up- 
graded to  *60  F capah i I it  ies  and  employed  in  open,  unprotected 
status. 

2.  One  700  GPU  pump  driven  by  30  H.P.  gas  turbine  engine. 

3.  One  200  GPU  fuel  f i I ter/separatoi . 

A.  Fuel  storage  consists  of  two  or  more  600  gallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  approxi  Mtely  300  ft  of  2.  inch  discharge  hose  and 
60  lee t of  2 inch  suction  hose  with  valves,  fitting,  seals  and 
gasket s . 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gal- 
lons replacement  collapsible  drums  from  AFSSP. 

8.  Pump/pump  drive  and  filter/separators  kept  in  open.  Compressed  dry 
nitrogen  gas  used  to  assist  pump  drive  start  up  by  passing  the  gas  through 
an  air  starter  motor  on  the  pump  drive. 


Advantages/D i sadvantages 

Assists  in  start  up.  Increases  complexity  of  operations  somewhat 
and  increases  maintenance  requirements. 


AFARE 

ALTERNATIVE  3a 
Compressed  Air  Pumping 


1.  Components  similar  to  FARE  and  able  to  operate  at  -60°F  except  that 
pumping  is  accomplished  by  compressed  air  stored  for  that  purpose. 

2.  Compressed  air  is  generated  by  a compressor  driven  by  a gas-turbine 
engine  and  stored  in  a separate  tank.  The  compressed  air  pumps 
fuel  from  a redundant  accumulator  tank  system  at  200  GPM  to  the 
dispensing  nozzles.  The  accumulators  are  recharged  with  fuel  at 
low  rates  by  compressed  air  expelling  fuel  from  the  storage  tanks 
to  the  accumulators  when  the  system  is  not  in  the  dispensing  mode. 

3.  One  200  GPM  f i I ter/sepa ra tor  unit. 

I* . Two  or  more  500  gallon  collapsible  fuel  storage  drums  brought  from 
the  rear  by  helicopter. 

5.  Approximately  300  feet  of  flexible  2 inch  discharge  hose  and  60  feet 
of  2 inch  suction  hose  with  valves,  fittings,  seals  and  gaskets. 

6.  Two  nozzles  and  fuel  dispensing  points. 

7.  Helicopter  carry  replacement  500  gallon  drums  from  the  rear. 


Advantages/Di  sad vantages 


Delete  requirement  for  conventional  pump.  Increases  complexity  of 
operations  and  increases  maintenance.  Reduces  reliability  and 
ava i I ab i I i ty . May  entrain  air  in  fuel.  Cooling  effect  of  air  expansion 
may  cause  localized  freezing  of  fuel  supply. 
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AFARE 


ALTERNATIVE  3b 
Compressed  Gas  Pumping 


1.  Components  similar  to  FARE  and  able  to  operate  at  -60°F  except  that 
pumping  is  accomplished  by  compressed  gas  stored  for  that  purpose. 

2.  Compressed  gas  is  generated  by  igniting  a solid  propellant  and 
stored  in  a separate  tank.  The  compressed  gas  pumps  fuel  from  a 
redundant  accumulator  tank  system  at  200  GPM  to  the  dispensing 
nozzles.  The  accumulators  are  recharged  with  fuel  at  low  rates 
by  compressed  gas  expelling  fuel  from  the  storage  tanks  to  the 
accumulators  when  the  system  is  not  in  the  dispensing  mode. 

3.  One  200  GPM  f i I ter/separator  unit. 

*4.  Two  or  more  500  gallon  collapsible  fuel  storage  drums  brought  from 
the  rear  by  helicopter. 

5.  Approximately  300  feet  of  flexible  2 inch  discharpe  hose  and  60  feet 
of  2 inch  suction  hose  with  valves,  fittings,  seals  and  gaskets. 

6.  Two  nozzles  and  fuel  dispensing  points. 

7.  Helicopter  carry  replacement  500  gallon  drums  from  the  rear. 


Advantages/!)  i sadvantages 

Delete  requirement  for  conventional  pump.  Increases  complexity  of 
operations  and  increases  maintenance.  Reduces  reliability  and 
ava i 1 ah i I i ty . May  entrain  gas  in  fuel.  Cooling  effect  of  gas  expansion 
may  cause  localized  freezing  of  fuel  supply. 
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ALTERNATIVE  h 
Inflatable  Shelter 


1.  Pump  and  pump  drive  and  filter/separator  assemblies  receiving 
special  treatment  (See  paragraph  8 below).  Other  components  up- 
graded to  -60  F capabilities  and  employed  in  open,  unprotected 
status . 

2.  One  200  GPM  pump  driven  by  30  H.P.  gas  turbine  engine. 

3 • One  200  GPM  fuel  f i I ter/separator. 

. Fuel  storage  consists  of  two  ur  more  500  gallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  approximately  300  f t of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  with  valves,  fitting,  seals  and 
gaskets . 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gal- 
lons replacement  collapsible  drums  from  AFSSP. 

8.  Pump/pump  drive  and  filter/separator  assemblies  placed  within 
shelters  (domes)  fabricated  on  site.  These  would  be  inflatable 
double-walled  domes  with  aluminized  fabric  for  internal  reflection 
within  the  space  between  walls  and  the  space  filled  with  foam.  The 
area  within  the  domes  would  be  heated  by  personnel  heating  systems 
used  by  operating  personnel. 


Advantages/Disadvantages 

Increases  reliability  of  starting  and  operating  system,  increases 
complexity  of  operations  and  time  for  set  up.  Increases  capital 
costs. 


AFARE 

ALTERNATIVE  5 
Rigid  Shelter 


1.  Pump  and  pump  drive  and  f i 1 ter/ separator  assemblies  receiving 
special  treatment  (See  paragraph  8 below).  Other  components  up- 
graded to  -60°F  capabilities  and  employed  in  open,  unprotected 

status.  (See  Figure  3"M 

2.  One  200  GPM  pump  driven  by  30  H.P.  gas  turbine  engine. 

3.  One  200  GPM  fuel  F i I ter/separator. 

b . Fuel  storage  consists  of  two  or  more  500  gallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  approximately  300  ft  of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  with  valves,  fitting,  seals  and 
gaskets. 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  eguipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gal- 
lons replacement  collapsible  drums  from  AFSSP. 

8.  Pump/pump  drive  and  filter/separator  assemblies  to  be  mounted  in 
covered  3/^  ton  truck  bed,  3 A ton  trailer  or  skid  mounted  container 
which  is  kept  heated  by  a battery  supply  or  other  sources.  The 
battery  supply  would  be  recharged  by  general  vehicle  helicopter 
electrical  systems  periodically. 

Ad va n t age s /D i sad vantages 

Increases  ease  of  starting  and  operating  system,  decreases  develop- 
ment costs  of  key  components-  Decreases  system  reliability  and  in- 
creases complexity  of  operations.  Decreases  transportability. 
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AFARE 


ALTERNATIVE  6a 
Truck  Tankers 


1.  All  components  housed  on  a truck  tanker  containing  1 500  to  2000 
gallons  fuel  storage.  The  truck  tanker  is  an  AFARE. 

2.  200  GPM  pump/pump  drive  assembly. 

3.  200  GPM  fuel  f i 1 ter/separator-assemb ly 

A.  Two  flexible  hoses  on  reels  with  nozzles  to  refuel  two  helicopters 
simultaneously  and  other  equipment  as  required. 

5.  Truck  tankers  will  be  resupplied  by  bulk  carriers  from  the  rear  or 
by  replacement  tankers  (AFARE)  from  the  rear. 


Advantages/Di sadvantages 

Increases  ground  mobility  but  negates  helicopter  transportability. 
Increases  capital  costs.  Increases  operator  efficiency. 


1 


AFARE 

ALTERNATIVE  6b 

Helicopter  Tankers 


f 


1.  All  components  mounted  in  a helicopter  dedicated  as  a tanker  and 
constituting  a completely  mobile  AFARE. 

2.  One  200  GPM  pump  with  power  take-off  drive  from  the  helicopter 
system. 

3.  One  200  GPM  fuel  filter/separator. 

Fuel  storage  tanks  contained  within  the  helicopter  - one,  two,  or 
three  500  gallon  containers  depending  on  payload  of  helicopter. 

5-  Flexible  hoses  on  reels  mounted  in  helicopter,  approximately  300 
feet  of  2 inch  hose  with  valves  and  fittings. 

6.  Two  separate  reels  and  nozzles  to  refuel  two  medium  helicopters 

s imu 1 taneous I y . Nozzles  for  closed  circuit  and/or  open  part  re- 
fueling of  aircraft  and  other  equipment. 

7.  Resupply  of  AFARE  from  rear  done  by  flying  in  full  helicopter  tanker 
replacement  and  withdrawing  empty  helicopter  to  be  refueled  in  rear 
area  (at  AFSSP) . 


Advantages/Di sadvantages 


Increases  air  transportability  and  reliability  of  components. 
Increases  capital  costs  and  safety  risk  to  operations. 


AFARE 

ALTERNATIVE  6c 


Components  Except  Storage  Tanks  Mounted  on  Truck  or  Trailer 


1.  All  components  mounted  on  a truck  or  trailer  except  the  fuel  storage  drums. 
One  truck  per  AFARE. 

2.  One  200  GPM  pump/pump  drive  assembly. 

3.  One  200  GPM  fuel  filter/separator  assembly 

*4.  Fuel  storage  consists  of  two  or  more  500  gallon  collapsible  drums 
carried  to  site  by  helicopter. 

5.  Flexible  hoses  on  reels  on  truck  witr.  valves  and  fittings. 

6.  Two  hose  reels  with  dispensing  nozzles  to  refuel  two  helicopters 
s i niu  1 1 aneous  1 y or  other  equipment  as  required. 

7.  Helicopters  carry  replacement  500  gallon  drums  from  the  rear  for 
resupp 1 y . 


Advantages/Disadvantages 

Increases  reliability  of  components  and  operations.  Increases  capital 
costs,  decreases  air  transportability.  Increases  operation  effi- 
ciency. 


AFARE 


ALTERNATIVE  6d 

Components  Except  Storage  Tanks  on  Helicopters 


' 


).  A))  components  mounted  on  a helicopter  dedicated  to  mission  except 

fuel  storage  drums.  One  helicopter  per  AFARE. 

2.  One  200  GPM  pump/pump  drive  assembly. 

3.  One  200  GPM  fuel  filter/separator  assembly. 

A.  Fuel  storage  consists  of  two  or  mere  500  gallon  collapsible  drums 
carried  to  site  by  other  helicopter* 

5.  Flexible  hoses  on  reels  on  helicopter  with  valves  and  fittings. 

6.  Two  hose  reels  with  dispensing  nozzles  to  refuel  two  helicopters 
simultaneously  or  other  equipment  as  required. 

7.  Other  helicopters  carry  replacement  500  gallon  drums  from  the  rear  for 
resupp I y . 

Advantages/D i sad van  tages 

Increases  air  transportability,  reliability  of  system  and  operator 
efficiency.  Increases  capital  costs.  Increases  safety  risk. 


AFARE 

ALTERNATIVE  7 

Rec i rcul at  ion 


).  Pump  and  pump  drive  and  filter/separator  assemblies  receiving 

special  treatment  (See  paragraph  8 below).  Other  components  up- 
graded to  -60  F capabilities  and  employed  in  open,  unprotected 
status. 

2.  One  200  GPM  pump  driven  by  TO  H.P.  gas  turbine  engine. 

3.  One  200  GPM  fuel  f i 1 te r/sepa ra tor . 

A.  Fuel  s torage  cons i sts  of  two  or  mo/e  500  qallon  collapsible  drums 
carried  to  site  by  helicopters. 

5.  Flexible  hoses,  approximately  300  ft  of  2 inch  discharge  hose  and 
60  feet.o.f  2 inch  suction  hose  with  valves,  fitting,  seals  and 
gaskets . 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  port  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gal- 
lons replacement  collapsible  drums  from  AFSSP. 


8.  Pumps,  f i 1 ter/separators , valving,  hose  lines  and  fittings  kept 

operable  by  almost  continuous  low  rate  recirculating  of  fuel  through 
the  system  when  system  is  not  dispensing  fuel.  Pump  drive  system 
to  be  kept  running  continuously  during  cold  temperature  extremes  but 
can  be  shut  down  when  temperatures  rise  sufficiently. 

Advantages/D i sad vantages 

Increases  system  operations  reliability.  Increases  operating  and 
maintenance  costs  and  complexity  of  operations.  Increases  capital 
costs  si ightly. 


30 


AFARE 


ALTERNATIVE  8a 

Selected  Components  Mounted  on  Vehicles  Being  Refueled 


1.  All  separate  components  as  listed  below  capable  of  operating  at  -60°F 
unprotected.  Pump/pump  drive  and  filter/separator  assemblies  mounted 
as  standard  equipment  on  all  vehicles  using  standard  military  fuels. 

2.  Ground  vehicles  have  one  10  GPM  pump  with  electrical  motor  drive 
from  vehicle  system  and  an  internal  means  to  refill  spare  fuel  drums 
carried  on  board.  Helicopters  have  one  50  GPM  pump/pump  drive  as- 
sembly mounted  on  board. 

j.  Ground  vehicles  utilize  fuel  filters  which  are  currently  a part  of  their  fuel 
feed  system.  Helicopters  to  have  one  50  GPM  fuel  filter/separator 
mounted  oh  board. 

1*.  Fuel  storage  consists  of  two  or  more  500  gal  collapsible  drums  with 
va ' ves  and  f i 1 1 i ngs . 

5.  Flexible  hoses,  approximately  300  feet,  and  60  feet  of  suction  hose 
with  valves  and  fittings,  seals  and  gaskets. 

6.  Two  helicopter  refueling  points  with  nozzles  to  refuel  other  equip- 
ment as  required. 

7.  Helicopters  carry  replacement  500  gallon  drums  from  the  rear  for 
AFARE  resupply. 


Advantages/Disadvantages 

Increases  system  reliability,  increases  turnaround  rate.  Increases 
capital  costs  significantly. 
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ALTERNATIVE  8b 
Power  Take-off  Drive  Systems 


1.  All  separate  components  as  listed  below  capable  of  operating  at  -60°F. 
Air  (helicopter)  transportable;  not  vehicle  mounted. 

2.  200  GPM  pump  assembly  driven  by  mechanical  power  take-off  from  air- 
craft and  vehicles  being  serviced.  i.e.,  from  winches  mounted  or 
to  be  mounted  on  all  vehicles,  etc. 

3.  200  GPM  fuel  filter  separator. 

Two  or  more  500  gallon  collapsible  drum  fuel  storage. 

5.  Flexible  hoses,  approximately  300  feet  of  2 inch  discharge  hose 
and  60  feet  of  2 inch  suction  hose  with  valves,  fittings,  seals 
and  gaskets. 

6.  Two  nozzles  and  dispensing  points  capable  of  closed  circuit  and/or 
open  part  refueling  of  two  medium  helicopters  simultaneously  and 
other  equipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gallon 
replacement  collapsible  drums  from  the  rear. 


Advantages/Disadvantages 

Increases  reliability  of  operation  but  increases  capital  costs 
significantly  and  increases  complexity  of  operations. 


AFARE 

ALTERNATIVE  9 

Advanced  Sources  of  Energy 


1.  All  components  similar  to  FARE  upgraded  to  operate  at  -60°F  excepting 
pump  drive  units  which  would  utilize  advanced  energy  sources. 

2.  One  200  GPM  pump.  Pump  drives  could  make  use  of: 

a.  Atomic  energy 

b.  Microwave  energy 

c.  Wind  Power  energy 

d.  Solar  energy 

3.  One  200  GPM  fuel  f i I ter/separator  assembly 

U.  Two  or  more  600  gallon  collapsible  drum  fuel  storage 

5.  Flexible  hoses,  approximately  300  feet  of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  with  valves,  fittings,  seals  and 
gaskets . 

6.  Two  nozzles  and  dispensing  points  for  refueling  two  medium  helicopters 
and  other  eguipment  as  required. 

7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gallon 
replacement  collapsible  drums  from  the  rear. 


Advantages/Disadvantages 


Increases  development  risks  and  costs  sharply.  Increases  mainten- 
ance cost  and  complexity  of  operations.  May  decrease  operations  costs. 
Decreases  air  t ranspor tab i I i t y . 


{ 
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AFARE 

ALTERNATIVE  10 

Use  of  Rigid  Fuel  Storage  Tanks 


I.  System  components  similar  to  FARE  upgraded  to  be  operable  at  -60°F 

excepting  all  fuel  storage  tanks  which  will  be  rigid,  not  collapsible; 
tanks  sized  to  be  carried  full  by  helicopters  to  the  forward  areas. 


One  200  GPM  pump  with  gasol i ne- turb i ne  engine  drive. 
One  200  GPM  fuel  filter/separator  assembly. 


4.  Two  or  more  500  gallon  rigid  tank  fuel  storage. 


Flexible  hoses,  approx ima t e I y 300  feet  of  2 inch  discharge  hose  and 
60  feet  of  2 inch  suction  hose  with  valves,  fittings,  seals  and 
gaskets. 


6.  Two  nozzles  and  dispensing  points  for  refueling  two  medium  helicopters 
and  other  equipment  as  required. 


7.  Resupply  of  AFARE  accomplished  by  helicopter  transporting  500  gallon 
replacement  rigid  drums  from  the  rear. 


Advantages/D i sadvantages 


Decreases  development  of  collapsible  tank  risks  and  costs.  Increases 
reliability  of  operations.  Decreases  air  transportability  and 
increases  capital  costs  greatly. 
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AFSSP 

ALTERNATIVE  I 
Similar  to  FSSP 


1.  All  separate  components  as  listed  below  capable  of  operating  at  -60°F. 
Ground  vehicle  and  air  t ranspor tab  1 e but  not  permanently  mounted  in 
any  vehicles  or  containers. 

2.  Two  600  GPM  pumps  and  pump  drive  assemblies  using  combinations  of 
any  of  the  following: 

a.  Pumps 

(1)  Scroll  pumps  (A.D.  Litte  proprietary  item) 

(2)  Peristaltic  pumps 

(3)  Centrifugal  pumps 

(*♦)  Posi  tive  displacement  pumps 

b.  Pump  Dr i ves 

(1)  Gas-turbine  engine  (50  H.P.) 

(2 ) Gasol i ne  eng  i ne 

( 3 ) 0 i ese  I eng i ne 

(k)  Electric  motor 

3.  Two  600  GPM  fuel  filter/separator  assemblies. 

k . Six  to  twelve  10,000-gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,1(00  feet:  of  flexible  hoses  with  valves,  fittings,  seals 
and  gaskets  and  bulk  transfer  fuel  manifold, 

6.  Six  I i qu id- t rans fer  loading  standards  for  loading  tank  trucks  and 
semi - t ra i I e rs , two  filling  points  for  500  gallon  drums  and  six  re- 
fueling points  for  filling  vehicle  fuel  tanks,  55  gallon  drums,  and 
5 gallon  cans . 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi - 1 ra i I e rs . 


Ad van  t ages /D i sad van  t ages 

Fully  air  and  ground  transportable,  high  on  flexibility,  fully  meets 
all  criteria,  fairly  high  on  development  risks,  high  on  capital  costs. 
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ALTERNATIVE  2a 
Exhaust  Heat 


/ 


] 


[ 


1.  Pump  and  pump  drive  and  f i I ter/separator  assemblies  receiving  special 
treatment  (see  paragraph  8 below).  Other  components  up-graded  to 
-60<'F  capabilities  and  employed  in  open,  unprotected  status. 

2.  Two  600  GPM  pump  assemblies  with  50  H.P.  gas  turbine  enqine  drives. 

3.  Two  600  GPM  f i I ter/separator  units. 

4.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,400  feet  of  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  transfer  loading  standards  for  loadinq  tank  trucks  and 
semi - 1 rai lers , two  filling  points  for  500  gallon  drums  and  six 
refuel inq  points  for  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi  - 1 ra i 1 ers . 

8.  Pump/pump  drive  and  f i 1 ter/separator  assemblies  to  be  mounted  in 
covered  light  truck  or  trailer  or  in  skid  mounted  containers  which 
is  kept  heated  at  a low  level  temperature  (by  exhaust  from  a ground 
vehicle  operating  continuously  during  extreme  cold  temperatures.) 

This  could  be  supplemented  by  heating  from  exhausts  of  aircraft  and 
ground  vehicles  being  refueled.  All  compartment  heating  by  exhausts 
could  be  through  heat  exchangers  to  avoid  exhaust  fumes  within  the 
compartments.  These  covered  components  to  be  helicopter  transport- 
able. 

Advantages/Di sadvantages 

Increases  reliability  of  starting  and  operations,  decreases  develop- 
ment costs  because  key  components  do  not  have  to  meet  -60°F  criteria. 
High  operating  and  maintenance  costs,  reduces  transportab i I i ty , ad- 
ditional capital  costs. 
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AFSSP 

ALTERNATIVE  2b 
Continuous  Heat 


1.  Pump  and  pump  drive  and  filter/separator  assemblies  receiving  special 
treatment,  (see  paragraph  8 below).  Other  components  up-graded  to 
-60°F  capab  i 1 i t ics  and  employed  in  open,  unprotected  status. 

2.  Two  600  GPM  pump  assemblies  with  50  H.P.  gas  turbine  engine  drives. 

3.  Two  600  GPM  filter/separator  units. 

A.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,^00  feet  of  flexible  hoses  with  valves,  fittings, 

seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  transfer  loading  standards  for  loading  tank  trucks  and 
semi- t rai 1 ers , two  filling  points  for  500  gallon  drums  and  six 
refueling  points  for  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hosclin^,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi  - t ra i I ers . 

8.  Pump/pump  drive  and  filter/separator  assemblies  to  be  mounted  in 
covered  light  truck  or  trailer  or  in  skid  mounted  container  which 

is  heated  by  the  pump  drive  engine  or  alternate  heater  kept  running 
almost  continuously  during  extreme  cold  temperatures  and  intermittently 
when  system  not  in  use  at  low  extreme  temperatures.  These  covered 
components  to  be  hel icopter  transportable. 

Advantages/D i sadvantages 

Increases  reliability  of  starting  and  operations,  decreases  develop- 
ment costs  because  key  components  do  not  have  to  meet  -60°F  criteria. 
High  operating  and  maintenance  costs,  reduces  transportability, 
increases  capital  costs. 
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AFSSP 

ALTERNATIVE  2c 
Portable  Heater 


I.  Pump  and  pump  drive  anil  lilt  or/ so  par. it  nr  assemblies  receiving  special 
treatment  (see  paragraph  8 In-low).  Ollier  components  up-graded  to 
-60^  capabilities  anil  employed  in  open,  unprotected  status. 

?.  Two  600  GPM  pump  assemblies  with  30  H.P.  gas  turbine  engine  drives. 

3.  Two  600  GPM  I i I t e r/separa tor  units. 

h.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  ?,b00  feet  of  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  tiansfer  loading  standards  for  loadinq  tank  trucks  and 
sem i - 1 1 a i I e rs , two  filling  points  for  300  gallon  drums  and  six 
refueling  points  lor  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 ga I I on  cans . 


7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline, 
railway  tank  cars,  or  tank  trucks  and  semi - 1 ra i 1 ers . 


tankers, 


8.  Pump/pump  drive  and  f i 1 te r/separa tor  assemblies  to  be  mounted  in 
covered  liqht  truck  or  trailer  or  in  skid  mounted  container.  Pump 
drive  unit  and  filter/separator  assembly  would  be  heated  by  small 
hand-held  heater  (using  propane  fuel  for  instance)  for  sufficient 
period  before  dispensing  from  system  to  enable  equipment  to  heat  up, 
start,  and  operate  effectively.  The  covered  components  to  be  heli- 
copter t ransporlabl e. 

Advantages/D i sadvantages 

Increases  reliability  of  starting  but  requires  delayed  starting  of 
system.  Requires  additional  fuel  and  ease  of  operation  is  reduced. 
Reduces  transportability  and  increases  capital  costs. 
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ALTERNATIVE  2d 


Compressed  Gas  Start  Inc 


1.  Pump  and  pump  drive  and  f i I tcr/scparator  assemblies  receiving  special 
treatment  (see  paragraph  8 below).  Other  components  up-graded  to 
-60°F  capabilities  and  employed  in  open,  unprotected  status. 

2.  Two  600  GPM  pump  assemblies  wi th  50  H.P.  gas  turbine  engine  drives. 

3.  Two  600  GPM  f i I ter/ separator  units. 

5 .  Six  to  twelve  10,000  gallon  collapsible  tuel  storage  tanks. 

5.  Approximately  feet  of  flexible  hoses  with  valves,  fittings, 

seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liguid  transfer  loading  standards  for  loading  tank  trucks  and 
semi - 1 rai lers,  two  filling  points  for  500  gallon  drums  and  six 
refueling  points  for  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi - 1 ra i 1 ers . 

8.  Pump/pump  drive  and  filter/separators  kept  in  open.  Compressed  dry 
nitrogen  gas  used  to  assist  pump  drive  start  up  by  passing  the  gas 
through  an  air  starter  motor  on  the  pump  drive. 


Assists  in  start  up.  Increases  complexity  of  operations  somewhat  and 
increases  maintenance  regu i remen ts . 


AFSSP 


ALTERNATIVE  3a 
Compressed  Air  Pumping 


1.  Components  similar  to  FSSP  and  able  to  operate  at  -60°F  except  that 
pumping  is  accomplished  by  compressed  air  stored  for  that  purpose. 

2.  Compressed  air  is  generated  hy  a compressor  driven  by  a gas  turbine 
engine  and  stored  in  a separate  tank.  The  compressed  air  pumps  fuel 
from  a redundant  accumulator  tank  system  at  600  GPM  to  the  dispensing 
components.  The  accumulators  are  recharged  with  fuel  at  low  rates 

by  compressed  air  expelling  fuel  from  the  storage  tanks  to  the  ac- 
cumulators when  the  system  is  not  in  the  dispensing  mode. 

3-  Two  600  GPM  f i 1 ter/separator  units. 

A.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,A00  feet  of  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifolds. 

6.  Six  1 i qu i d- t ransf er  loading  standards  for  bulk  loading,  two  500  gal- 
lon drum  filling  points,  and  six  refueling  points  for  filling  vehicle 
fuel  tanks,  55  gallon  drums,  and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline,  hoseline,  tankers,  rail- 
way tank  cars,  or  tank  trucks  and  semi - tra i I ers . 

Advantages/Disadvantages 

Deletes  requirement  for  conventional  pump.  Increases  complexity  of 
operations  and  increases  maintenance.  Reduces  reliability  and 
availability.  May  entrain  air  in  fuel.  Cooling  effect  of  expanding 
air  may  cause  localized  freezing  of  fuel. 
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ALTERNATIVE  3b 
Compressed  Gas  Pumping 
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1.  Components  similar  to  FSSP  and  able  to  operate  at  -60°F  except  that 
pumping  is  accomplished  by  compressed  gas  stored  for  that  purpose. 

2.  Compressed  gas  is  generated  by  igniting  a solid  propellant  and 
stored  in  a separate  tank.  The  compressed  gas  pumps  fuel  from  a 
redundant  accumulator  tank  system  at  600  GPM  to  the  dispensing 
components.  The  accumulators  are  recharged  with  fuel  at  low  rates 
by  compressed  gas  expelling  fuel  from  the  storage  tanks  to  the 
accumulators  when  the  system  is  not  in  the  dispensing  mode. 

3.  Two  600  GPM  filter/separator  units. 

A.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,A00  feet  of  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifolds. 

6.  Six  1 iquid- transfer  loading  standards  for  bulk  loading,  two  500 
gallon  drum  filling  points,  and  six  refueling  points  for  filling 
vehicle  fuel  tanks,  55  gallon  drums,  and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  bulk  carrier  means  from  the  rear. 

Advantages/Disadvantages 

Deletes  requirement  for  conventional  pump  and  pump  drive  system. 
Increases  complexity  of  operations  and  increases  maintenance. 
Reduces  reliability.  May  entrain  gas  in  fuel.  May  cause  local 
freezing  of  fuel  due  to  cooling  effect  of  expanding  gas. 
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ALTERNATIVE  *4 
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Inflatable  Shelter 


1.  Pump  and  pump  drive  and  f i I ter/separator  assemblies  receiving  special 
treatment  (sec  paragraph  8 below).  Other  components  up-graded  to 
-60°F  capabilities  and  employed  in  open,  unprotected  status. 

2.  Two  600  GPM  pump  assemblies  with  50  H.P.  gas  turbine  engine  drives. 

3.  Two  600  GPM  filter/separator  units. 

6.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,^00  feet  of  flexible  hoses  with  vales,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  transfer  loading  standards  for  loading  tank  trucks  and 
semi-trailers,  two  filling  points  for  500  gallon  drums  and  six 
refueling  points  for  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hose  line,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi - 1 ra i lers . 


8.  Pump/pump  drive  and  f i I ter/separatoi  assemblies  placed  within  shelters 
(domes)  fabricated  on  site.  These  would  be  inflatable  double-walled 
domes  with  aluminized  fabric  for  internal  reflection  within  the 
space  between  walls  and  the  space  filled  with  foam.  The  area  within 
the  domes  would  be  heated  by  vehicle  exhausts,  through  heat  ex- 
changers, or  by  personnel  heating  systems  used  by  operating  personnel. 

Advantages/Disadvantages 

Increases  reliability  of  starting  and  operating  system,  increases 
complexity  of  operations  and  time  for  set  up.  Increases  capital 
costs. 


AFSSP 

ALTERNATIVE  5 
Rigid  Shel ter 


l 

Pump  and  pump  ill  ive  and  filter  /si'p.ir.i  I • >i  assemblies  receiving  special 
t i ea  t men  I (see  paragraph  8 below).  Othei  on,  ponen  t s up-graded  to 
-bCTr  c .1  p.i  1 > i 1 i t i es  and  employed  in  open,  unprotected  status. 

Two  600  Oil'M  pump  assemblies  with  'j0  II. I',  gas  turbine  engine  drives. 

I.  Two  600  6PM  I i I t e i /sepn r a t < u units. 

II . Six  to  twelve  10,000  gallon  collapsible  I ue I storage  tanks. 

5.  Approximately  ?,400  feet  ot  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  transfer  loading  standards  for  loading  tank  trucks  and 
sem i - t r a i I e i s , | wo  tilling  points  lot  500  gallon  drums  and  six 
refueling  points  lor  tilling  vehicle'  luel  tanks,  55  gallon  drums, 
and  6 'l«i  I I on  cans  . 

/.  Storage  tanks  to  be  resupplied  by  pipeline  or  boselirie,  tankers, 
railway  tank  cars,  or  tank  trucks  and  sei  ii  - t ra  i I ei  s . 


8.  Pump/pump  drive  and  f i I ter/ separator  assemblies  to  be  mounted  in 

covered  3/4  ton  truck  bed,  3/4  ton  trailer  or  skid  mounted  containers 
which  is  kept  heated  by  a battery  supply  or  other  sources.  The 
battery  supply  would  be  recharged  by  ground  vehicle  or  helicopter 
electrical  systems  periodically. 

Advantages/D i sadvantages 

Increases  ease  of  starting  and  operating  system,  decreases  develop- 
ment costs  of  key  components.  Decreases  system  reliability  and 
increases  complexity  of  operations.  Decreases  transportability. 
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1.  All  components  housed  on  truck  tinkers  containing  up  to  5 > COO 
gallon  fuel  storage,  pump/pump  drive  units,  fuel  filter/ 
separators,  and  hoses  on  reels. 

2.  200  GPM  pump/pump  drive  assembly. 

3-  200  GPM  fuel  filter/separator  assembly. 

4.  Two  flexible  hoses  on  reels  with  nozzles  to  refuel  helicopters, 

500  gallon  drums,  55  gallon  drums,  5 gallon  cans  and  other 
bulk  carriers. 

5.  Several  truck  tankers  at  a site  will  make  up  the  AFSSP. 

6.  AFSSP  resupply  will  be  by  bulk  carrier  means  from  the  rear 
or  by  replacement  truck  tankers. 

Advantages/Di sadvantages 

Increases  flexibility  of  employment  and  military  security  of 
operations.  Increases  capital  costs,  decreases  rate  of 
refueling  or  supplying  bulk  fuel.  Decreases  air  t ranspor tab i 1 i ty . 
Increases  operator  efficiency. 
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AFSSP 

ALTERNATIVE  6b 
Hcl  icopter  Tankers 


1.  All  components  for  half  of  an  AFSSP  system  mounted  in  a 
helicopter  dedicated  as  a tanker  and  two  such  helicopters 
constituting  a completely  mobile  AFSSP. 

2.  Each  helicopter  has  one  600  GPM  pump  with  power  take-off  drive  from 
the  helicopter  system. 

3.  Each  helicopter  has  one  600  GPM  fuel  f i 1 ter/separator . 

4.  Fuel  storage  tanks  contained  within  each  helicopter  - one,  two, 
or  three  500  qallon  containers  depending  on  payload  of  the 

he  I i copter . 

5.  Flexible  hoses  on  reels  mounted  in  each  helicopter,  approx imate ly 
1200  feet  of  hose  with  valves  and  fittings  per  helicopter. 

6.  Each  helicopter  having  one  dispensing  point  for  refueling  500 
qallon  drums  and  up  to  three  dispensing  points  for  5 gallon 
cans  and  55  gallon  drums. 

7-  Resupply  of  AFSSP  helicopters  done  by  bulk  carrier  means 
from  the  rear. 

Advantages/Di sadvantages 

Increases  air  transportability  and  reliability  of  system  components . 

Decreases  flexibility  of  operations  and  bulk  storage  capacity  unless  a substantial 

helicopter  fleet  is  maintained  which,  in  turn,  increases  capital  costs.  Decreases 

flexibility  in  dispensing  operations.  Increases  safety  risks  to 

operators . 
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ALTERNATIVE  6c 

Components  Except  Storage  Tanks  Mounted  on  Truck  or  Trailer 


1.  All  components  mounted  on  a truck  except  the  fuel  storage 
tanks.  One  half  of  AFSSP  system  components  will  be  mounted 
on  one  truck,  therefore,  two  trucks  per  AFSSP. 

2.  One  600  GPM  pump/pump  drive  assembly  per  truck. 

3.  One  600  GPM  fuel  f i 1 ter/scparator  per  truck. 

4.  Total  of  six  to  twelve  10,000  gallon  collapsible  tanks 
placed  on  ground  and  connected  by  manifolds  as  required. 

5.  Hoses  on  reels  with  valves  and  fittings  on  truck. 

6.  One  bulk  loading  hose  and  dispenser,  one  500  gallon  drum  filler 
hose,  and  one  5 gallon  can  filler  hose  per  truck. 

7.  AFSSP  resupplied  by  bulk  carrier  means  from  the  rea:  . 

Advantaqes/Disadvantages 


Increases  reliability  of  components  and  operations.  Increases 
capital  costs,  decreases  air  transportabi I i ty . Increases 
operator  efficiency. 
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ALTERNATIVE  6d 

COMPONENTS  EXCEPT  STORAGE  TANKS  ON  HELICOPTERS 


1.  All  components  mounted  on  a helicopter  dedicated  to  that 
mission  except  the  fuel  storage  tanks.  One  half  of  AFSSP 
system  components  will  be  mounted  on  one  helicopter, 
therefore,  two  helicopters  per  AFSSP. 

2.  One  600  GPM  pump/pump  drive  assembly  per  helicopter. 

3.  One  600  GPM  fuel  f i 1 ter/sepa ra tor  per  helicopter. 

A.  Total  of  six  to  twelve  10,000  gallon  collapsible  tanks 
placed  on  ground  and  connected  by  manifolds  as  required. 

5.  Hoses  on  reels  with  valves  and  fittings  on  helicopter. 

6.  One  bulk  loading  hose  and  dispenser,  one  500  gallon  drum 
filler  hose,  and  one  5 gallon  can  filler  hose  per  helicopter. 

7.  AFSSP  resupplied  by  bulk  carrier  means  from  the  rear. 

Ad  vantages/ D i sad vantages 

Increases  reliability  of  components  and  operations.  Increases 

capital  costs  and  decreases  flexibility  in  dispensing  operations. 

Increases  operations  turn-around  time.  Increases  air  transportability. 
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ALTIRNAT I VE  7 

Rec i rcu 1 at  ion 


1.  Pump  and  pump  dr ivo  and  f i l ter /separator  assemblies  receiving  special 
treatment  (see  paragraph  8 1)0 1 ow) . Other  components  up-graded  to 
-60°F  capabilities  and  employed  in  open,  unprotected  status. 

2.  Two  600  GPM  pump  assemblies  with  50  M.P.  gas  turbine  engine  drives. 

3.  Two  GOO  GPM  f i I t c i / separa t or  units. 

b . Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,1*00  feet  ol  flexible  rubber  compound  hoses  with 
valves,  fittings,  seals  and  gaskets  and  bulk  transfer  fuel  manifold. 

6.  Six  liquid  tiansfer  loading  standards  for  loading  tank  trucks  and 
sem i - t ra i 1 c rs , two  filling  points  leu  500  gallon  drums  and  six 
refueling  points  for  filling  vehicle  fuel  tanks,  55  gallon  drums, 
and  5 gallon  cans. 

7.  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline,  tankers, 
railway  tank  cars,  or  tank  trucks  and  semi - t ra i I e rs . 

8.  Pumps,  filter/separators,  valving,  hose  lines  and  fittings  kept 
operable  by  almost  continuous  low  rate  recirculating  ol  fuel  through 
the  system  when  system  is  not  dispensing  fuel.  Pump  drive  system 

to  be  kept  running  continuously  during  cold  temperature  extremes 
but  can  be  shut  down  when  temperatures  rise  sufficiently. 


Advantages/D i sadvantages 

Increases  system  operations  reliability.  Increases  operating  costs 
and  complexity  of  operations.  Increases  capital  costs  slightly. 
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ALTERNATIVE  8a 

Selected  Components  Mounted  on  Vehicles  Beirut  Refueled 


1.  All  separate  components  as  listed  below  capable  of  operating 
at  -60  F unprotected.  Pump/pump  drive  and  f i I ter  'separator 
assemblies  mounted  as  standard  equipment  on  all  vehicles 
using  standard  military  fuels. 

2.  Ground  vehicles  have  one  10  GPM  pump  with  electrical  motor 
drive  from  vehicle  system  and  an  internal  means  to  refill 
spare  fuel  drums  carried  on  board.  Helicopters  have  one  50 
GPM  pump/pump  drive  assembly  mounted  on  board. 

3-  Ground  vehicles  utilize  fuel  filters  which  are  currently  a part  of  the 
fuel  feed  system.  Helicopters  to  have  one  50  GPM  fuel  filter/ 
separator  mounted  on  board. 

A.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approx i n>a te I y 2^00  feet  of  flexible  hoses  with  valves,  fittings, 
seals  and  gaskets,  and  bulk  transfer  fuel  manifold. 

6.  Six  bulk  loading  standards,  two  500  gallon  drum  fill  points,  and 
six  55  gallon  drum  and  5 gallon  can  refill  points. 

7.  Storage  tanks  to  be  resupplied  by  bulk  carrier  means  from 
the  rear.  AESSP's  can  load  bulk  fuel  carriers  by  using  pump 
drives  and  f i I ter/separators  mounted  on  the  bulk  carriers 
(50  GPM  probable  max.). 

Advantages/Disadvantages 

Increases  system  reliability,  increases  turn-around  rate.  Increases 

capital  costs  significantly. 
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ALTERNATIVE  8b 

Power  fake -Off  Drive  Systems  on  Refueled  Vehicles 


1.  All  separate  components  as  listed  below  capable  of  operating 
at  -60°F.  Air  transportable  and  not  vehicle  mounted. 

2.  Two  600  GPM  pump  assemblies  driven  by  mechanical  power  take-off 
from  aircraft  and  vehicles,  i.e.,  from  winches  mounted  or  to  be 
mounted  on  all  vehicles,  etc. 

3.  Two  600  GPM  fuel  f i I te r/separa tor s . 

4.  Six  to  twelve  10.000  gallon  collapsible  fuel  storage  tanks. 

5.  Approx imately  2^00  feet  of  flexible  hose  with  valves,  fittings, 
seals  and  gaskets,  and  bulk  transfer  fuel  manifold. 

6.  Six  I iquid-transfer  loading  standards  for  loading  tank  trucks 
and  semi t ra i I er s , two  filling  points  for  500  gallon  drums, 

and  six  refueling  points  for  filling  vehicle  fuel  tanks,  55  gallon 
drums,  and  5 gallon  cans. 

7-  Storage  tanks  to  be  resupplied  by  pipeline  or  hoseline,  tankers, 
railway  tank  cars  or  tank  trucks  and  semitrailers. 

Advantages/Disadvantages 

Increases  reliability  of  operation  but  increases  capital  costs 

significantly  and  increases  complexity  of  operations. 
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ALTERNATIVE  9 


Advanced  Sources  of  Energy 


1.  All  components  similar  to  FSSP  upgraded  to  operate  at  -60°F  excepting 
pump  drive  units  which  would  utilize  unusual  energy  sources. 

2.  Two  600  GPM  pumps.  Pump  drives  could  make  use  of: 

a.  Atomic  energy 

b.  Microwave  energy 

c.  Wind  power  energy 

d.  Solar  energy 

3.  Two  600  GPM  fuel  f i I ter/sepa ra tor  assemblies. 

4.  Six  to  twelve  10,000  gallon  collapsible  fuel  storage  tanks. 

5.  Approximately  2,400  feet  of  flexible  hose  with  valves,  fittings, 
seals  and  gaskets. 

6.  Six  bulk  loading  standards,  two  500  gallon  drum  refueling  points, 
and  six  55  gallon  drum  or  5 gallon  can  refilling  points. 

7.  Resupply  of  AFSSP  by  bulk  carrier  means  from  the  rear  area. 
Advantages/D i sadvantages 

Increases  development  risks  and  costs  sharply.  Increases  mainten- 
ance costs  and  complexity  of  operations.  May  decrease  operations 
costs.  Decreases  air  transportability. 
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ALTFRNA1IVE  10 

Use  of  Rigid  Fuel  Storage  Tanks 


1.  System  components  similar  to  FSSP  npqr.iJed  to  be  operable  at  -60°F 

excepting  all  fuel  storage  tanks  which  will  he  riqid,  non  collapsible, 
tanks . 

?.  Two  600  GPM  pumps  with  gas-turbine  enq i ne  drives. 

3-  Two  600  GPM  fuel  I i I ter/ separator  assemblies. 

b . Six  to  twelve  10,000  pal  Ion  riqid  fuel  storaqe  tanks.  These  tanks 
to  be  mounted  on  trucks  or  on  flat  bed  trailers  and  transported 
empty  to  and  parked  on  AFSSP  sites.  They  will  he  filled  on  site. 

5-  Approximately  2,^00  feet  of  flexible  hose  with  valves,  fittings, 
seals,  and  gaskets  and  bu  I k transfer  fuel  manifold. 

6.  Six  bulk  fuel  loading  standards,  two  refueling  points  for  500  gal- 
lon drums,  and  six  refilling  points  for  55  gallon  drums  and  5 gal- 
lon cans. 

7.  Fuel  storaqe  tanks  to  be  resupplied  by  bulk  carrier  means  from  the 
rear  areas. 

Advantages/D i sadvantages 

Decrease  development  of  collapsible  tank  risks  and  costs.  Increases 
reliability  of  operations.  Decreases  air  transportability  and  in- 
creases capital  costs  greatly. 
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FIGURE  3-2 

GRAM  OF  SINGLE  PRODUCT  AFSSP 
ISPENSING  SYSTEM 
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FIGURE  3-3 

SCHEMATIC  DIAGRAM  OF  FUEL  PRODUCT  DISPENSING  AFSSP  SYSTEM 
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FIGURE  3-4 

SCHEMATIC  DIAGRAM  OF  AFARE  SYSTEM  WITH  RIGID  SHELTERS 
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CHAPTER  4 - PRELIMINARY  STATE-OF-THE-ART  RESEARCH 


4.1  INTRODUCTION 


In  order  to  perform  the  first  phase  evaluation  of  the  various  systems, 
preliminary  information,  without  detailed  feasibility  data,  was  needed 
on: 

• hosing  and  pipe  components 

• seals 

• collapsible  fuel  storage  tanks 

• pumps  and  alternatives 

• pump  drives 

• shelters 

• other  components 

• current  cold  weather  operating  practices 

A great  deal  of  this  information  was  readily  available,  but  to  supplement 
this,  some  preliminary  state-of-the-art  research  was  necessary.  This 
research  was  divided  into  three  areas: 

• current  cold  weather  practices  and  technology 

• current  availability  of  drives,  particularly  turbines  and  diesel 

• solid  propellents  and  accumulators 

Research  in  these  three  areas  is  presented  in  this  chapter.  Research  in 
elastomerics  and  cold  weather  batteries  was  also  performed,  but  these 
two  areas  were  not  needed  until  the  final  evaluation,  and  in  addition, 
represented  the  two  areas  where  future  development  is  of  extreme  im- 
portance. For  these  reasons,  most  of  the  research  and  state-of-the-art 
for  batteries  and  elastomerics  are  presented  in  Chapter  6. 

A complete  listing  of  information  sources  for  this  study  is  presented  in 
Appendix  2.  One  of  the  principal  early  research  activities  was  an  ADL 
field  trip  which  included  visits  to:  The  U.S.  Army  Cold  Regions  Test 
Center,  Fort  Greeley,  Alaska;  the  222nd  U.S.  Army  Aviation  Battalion, 

Fort  Wainwright,  Alaska;  the  U.S.  Army  Combat  Developments  Activity, 
Alaska,  and  the  173rd  Infantry  Brigade  both  at  Fort  Richardson,  Alaska; 
the  U.S.  (Navy)  Support  Forces  Antarctica  and  Naval  Civil  Engineering 
Laboratories  both  at  Port  Hueneme,  California;  and  the  home  office  of 
the  Antarctic  Support  Division  of  Holmes  6 Narver,  Inc.,  Orange, 
California,  the  operating  contractor  for  the  various  bases  of  the  Natioral 
Science  Foundation  in  the  Antarctic.  Also  included  in  this  trip  were 
visits  to  and  conversations  with  several  bulk  petroleum  and  commercial 
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fuel  dispensing  equipment  suppliers,  contractors,  and  Alaskan  Airlines 
In  Alaska.  Much  information  was  obtained  regarding  current  cold  weather 
practices  and  technology. 

Extensive  information  was  gained  from  MERADCOM  and  equipment  manufacturers 
on  the  availability  of  gas  turbine  engines  and  diesel  engines  which  would 
be  suitable  for  arctic  fuel  dispensing  pump  drive  units.  Arthur  D. 

Little  also  received  in  some  detail  information  regarding  solid  propellents 
as  an  energy  source  for  use  in  an  innovative  pump  drive  concept  alter- 
native. Information  from  all  of  these  areas  is  presented  in  this  chapter. 

It. 2 CURRENT  COLD  WEATHER  PRACTICES  AND  TECHNOLOGY 

The  U.S.  Army  cannot  operate  effectively  in  remote  areas  of  the  arctic 
where  tactical  helicopter  operations  are  required  and  where  there  are  no 
roads  or  airfields  within  satisfactory  range  for  effective  helicopter 
operations.  The  principal  reason  is  that  the  current  FARE  and  FSSP  sys- 
tems cannot  operate  at  temperatures  below  -25°F.  Some  details  of  a number 
of  cold-induced  problems  are  described  in  later  paragraphs  of  this  section, 
but  the  major  problems  immediately  follow:  All  the  elastomeric  components 
cause  trouble,  especially,  collapsible  discharge  hoses  and  the  collapsible 
drums  (bags)  and  tanks  which  become  brittle  and  crack  at  temperatures 
bel  ow  -25°F  (with  the  exception  of  10,000  gallon  tanks  to  some  extent.) 
Additionally,  the  unvented  500  gallon  collapsible  drums  will  only  partially 
collapse  at  -60°F.  Current  Army  practice  is  to  set  up  5_point  or  10-point 
refueling  stations  for  arctic  tactical  helicopter  operations  using  the 
FSSP  350  GPM  components  and  A inch  suction  (reinforced)  hoses  and  5,000 
gallon  fuel  tanker  trucks  as  the  bulk  storage  containers.  These  refueling 
stations  must,  therefore,  be  accessible  by  road.  A feasible  alternative 
also  In  use  employs  temporary  airfields,  either  makeshift  as  on  frozen 
lakes,  or  at  existing  and  abandoned  air  strips,  to  set  up  the  10-point 
refueling  system  using  the  current  350  GPM  components  and  the  10,000 
gallon  collapsible  tanks  for  supply  point  fuel  storage.  These  tanks 
must  be  spread  out,  emplaced,  and  filled  warm  (above  -20°F).  Once  in  use, 
they  will  operate  satisfactorily  down  to  -60°F.  Bulk  refueling  of  these 
stations  is  accomplished  by  using  C - 1 30  aircraft  bladder  birds. 

• Fuel s 

The  various  fuels  used  in  the  arctic  evidence  no  increase  in 
viscosities  at  temperatures  down  to  -60°F.  These  fuels  in- 
clude M0GAS,  Diesel  Fuel  Arctic,  JP-A,  and  JP-5.  Fuel  filtering 
is  still  required,  however,  regular  diesel  fuel  will  experience 
coagulation  of  parafins  at  low  temperatures  which  will  precipi- 
tate out  and  clog  fuel  filter/separators. 

• Pumps 

Centrifugal  pumps  are  considered  the  most  satisfactory  type  for 
extreme  cold  weather  use.  They  are  rugged  and  provide  the  steady 
higher  pressure  required.  Rotary  vane  pumps  experience  breakdown 
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at  very  cold  temperatures  due  to  brittle  fracture  of  the  vane 
blades.  Rec i proca t i nq  pumps  are  heavy  and  expensive.  Other 
special  pumps  such  as  peristaltic  and  scroll  pumps  would  not 
perform  satisfactorily  at  very  cold  temperatures.  Pumps  of 
200  and  600  GPM  capacity  appear  feasible  for  AFARE's  and  AFSSP's 
respec  t i ve I y 

• Pump  Drive  Equipment 

Gasoline  engine  pump  drives  are  reputed  generally  to  be  unsatis- 
factory at  -60°F.  They  are  very  difficult  to  start  and  once 
started,  experience  continuous  shut  down  problems  when  running 
in  the  open  at  temperatures  down  to  -60°F. 

Diesel  engine  drive  units  are  difficult  to  start  from  a cold 
soak  condition,  but  once  started,  they  operate  well.  They  are 
heavier  than  other  drive  units  but  are  rugged  and  have  proven 
reliability.  Further  discussion  on  diesel  engines  is  presented 
later  in  this  chapter. 

Gas  turbine  engine  units  appear  to  have  many  advantages.  They 
require  either  battery  ignition  of  air  motor  starting  mechanisms. 
They  are  lighter  than  most  other  drive  units  and  are  highly 
desirable  for  AFARE  subsystems  in  that  they  burn  multiple  fuels. 
They  can  therefore  use  the  same  fuel  for  burning  as  is  being 
dispensed  by  the  system.  These  type  units  are  used  in  helicopter 
auxiliary  power  units  (APU's)  and  work  sat i sf ac tor i 1 y in  the 
arctic.  Applications  for  the  fuel  dispensing  systems,  however, 
have  not  been  developed  and  therefore  have  not  been  tested  in 
the  arctic.  Further  discussion  on  gas  turbine  engines  is  pre- 
sented later  in  this  chapter. 

Electric  motor  use  at  -60°F  is  reported  to  be  somewhat  undesirable 
due  apparently  to  moisture  freezing  in  the  mechanism  on  the  next 
start  up.  These  motors  need  an  electrical  power  source. 

• Fuel  Filter/Separator  Units 

U.S.  Army  personnel  in  Alaska  stated  that  they  experienced  no 
operational  problems  with  the  350  GPM  fuel  filter/separator 
(F/S)  units  at  temperatures  of  -60°F.  Those  operators,  however, 
had  not  tested  the  fuel  quality  before  and  after  passing  it 
through  the  units  and  the  fuel  presumably  has  been  quite  clean. 

The  operators  stated,  however,  that  the  F/S  equipment  must  be 
carefully  maintained,  that  they  prefer  field  maintainable  filter 
elements  over  throw  away  elements,  and  that  the  larger  F/S  units 
should  be  wheel -mounted  for  ease  in  positioning  in  the  field 
when  full.  References  listed  in  I tern  No.  7,  Appendix  2 regarding 
arctic  testing  in  1967  of  the  350  GPM  F/S  down  to  -56°F  and  the 
50  GPM  F/S  down  to  -50°F  stated  that  the  units  were  considered 
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suitable  for  U.S.  Army  use  in  an  arctic  winter  environment 
provided  a heated  area  was  made  available  to  periodically 
thaw  accumulated  ice.  These  units  passed  only  fuel  meeting 
the  requirement  of  MIL  - F - 890 1 A at  the  above  low  temperatures. 
MERADCOM  after  years  of  research  with  F/S  units,  however,  states 
emphatically  that  the  current  F/S  equipment  in  the  arctic  is 
not  designed  to  operate  at  temperatures  of  -60°F  and  that  this 
equipment  at  those  low  temperatures  in  fact  does  not  effectively 
filter  unclean  fuels.  MERADCOM  states  that  satisfactory  F/S 
units  must  be  developed  for  arctic  fuel  dispensing  equipment 
systems. 

• Hoses 


Current  collapsible  discharge  hoses  are  unsatisfactory  at  -60°F 
in  that  they  become  brittle  and  crack.  The  short  suction  hose 
lengths  (these  have  reinforced  construction)  are  satisfactory. 

There  are  current  off-the-shelf  arctic  hoses  (e.g.,  Goodyear 
Flexwing)  that  according  to  the  manufacturers  remain  flexible 
at  -60°F  and  can  be  rolled  up  on  a reel.  They  will  not  collapse, 
however.  These  non-col  laps ible  hoses  are  produced  in  diameter  up 
to  four  inches.  Production  of  collapsible  hoses  up  to  four  inches 
in  diameter  had  been  done  at  one  time  on  a special  order  basis  by 
Goodyear  for  the  Alaska  pipeline  project,  according  to  one  equipment 
supplier  in  Fairbanks,  Alaska.  In  any  case,  minimum  lengths  (at 
least)  of  flexible  hoses  of  appropriate  material  must  be  available 
in  the  portion  of  the  fuel  discharge  hosing  or  piping  close  to  the 
nozzles  to  enable  fueling  nozzles  to  be  raised  to  the  refueling 
ports  on  the  vehicles  at  -60°F. 

• Seals  and  Gaskets 


The  standard  Army  seals  and  gaskets  are  unsatisfactory  at  -60°F. 

They  take  on  a permanent  set  when  the  systems  are  assembled  at 
those  temperatures  and  the  slightest  component  movement  often 
causes  leakage.  There  are  some  commercial  seals  available 
under  the  commercial  names  Viton,  Teflon,  and  Buna-N  which  re- 
portedly are  satisfactory  in  extremely  cold  temperatures.  Phos- 
phonitrilic  f 1 uoroe I as tomer , a semi - i norgan ic  rubber  (by  Firestone), 
also  appears  well  suited  for  these  uses. 

• Connections 


The  Army  uses  cam-lock  quick  disconnect  connections  which  are 
very  satisfactory,  particularly  for  use  by  personnel  wearing 
heavy  arctic  clothing  and  mittens. 
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• Metering  Systems 


Information  is  lacking  on  the  availability  of  meters  in  the  Army 
inventory  which  will  work  adequately  and  accurately  in  the  fuel 
dispensing  systems  at  -60°F  temperatures.  A commercial  fuel 
oil  distributor  in  Delta  Junction,  Alaska,  however,  states  that 
the  Brodie  flow  meters  (measuring  65*200  GPM)  in  his  system 
exposed  to  temperatures  below  -60°F  have  worked  without  problems 
for  years.  He  used  fuel  oil  level  indicators  with  mechanical 
linkages  to  measure  stored  quantities  in  his  fixed  tanks.  It 
appears  reasonable  to  assume  that  satisfactory  flow  metering  can 
be  accomplished  with  current  equipment  if  metering  in  new  systems 
is  des i red . 


• Pipeline  Fittings  and  Accessories 

There  are  no  problems  with  gate  valves  in  current  systems  nor 
with  other  fittings  and  connectors.  The  number  of  connections, 
and  therefore  potential  leakage  points,  must  be  kept  to  a minimum. 


• Nozzles 


Problems  with  leakage  in  nozzles  at  *60°F  is  fairly  extensive. 
Operators  keep  spares  warm  and  trade-off  with  those  in  use. 

Closed  circuit  nozzles  are  best  but  are  not  generally  in  use  for 
the  light  helicopters.  Arctic  seals  and  diaphragms  in  nozzles 
are  not  available  yet,  however,  OPW  supplies  nozzles  with  teflon 
seals  for  the  swivel  connections  of  those  nozzles,  and  this 
alleviates  some  of  the  problems. 

• Collapsible  Fuel  Storage  Containers 

Rugged  terrain,  large  trees,  and  poor  pilot  visibility  from  ice 
fog  and  from  whirling  snow  caused  by  helicopter  downwash  on 
landing  approaches  make  it  desirable  for  the  500  gallon  fuel 
drums  being  airlifted  forward  to  resupply  the  AFARE's  to  be 
flexible  to  avoid  rupture  on  fairly  hard  touchdown.  However, 
current  500  gallon  collapsible  drums  are  unsatisfactory  at  *60°F, 
for  they  crack  at  *k0°F  to  *50°F.  They  are  not  vented  and  will 
not  collapse  fully  at  -60°F.  The  10.000  gallon  collapsible  tanks, 
if  in  place  and  operational  at  *60°F,  will  operate  satisfactorily. 
At  -60°F,  the  Army  cannot,  however,  take  folded  up  10,000  gallon 
collapsible  tanks  to  a site,  unfold  them  for  use,  and  refold  and 
move  them  to  new  sites  when  the  tank  material  has  not  been  warmed 
up.  Without  warming  the  tanks,  they  become  too  brittle  and  crack. 

• Working  with  Helicopters 

Helicopters  generate  a great  deal  of  static  electricity  from  the 
whirling  blades  when  landing  in  extreme  dry  cold.  Additionally, 
the  blade  downwash  raises  the  wind  chill  factor  greatly  for  per- 
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sonnel  underneath.  Hence,  all  helicopters  are  shutdown  before 
refueling  for  safety  considerations  in  the  extreme  cold.  With 
the  engines  shutdown,  exhaust  heat  cannot  be  obtained  from 
helicopters  for  start-up  energy  sources  as  would  be  possible  for 
wheeled  vehicles.  Helicopters  also  do  not  have  mechanical  power 
take-off  capability  as  do  some  of  the  tactical  wheeled  vehicles. 

With  regard  to  customizing  vehicles  for  refueling,  attack  heli- 
copters and  utility  helicopters  are  heavily  loaded  with  extra 
survival  gear  for  the  crew  in  extremely  cold  temperatures. 
Therefore,  to  attach  components  of  fuel  dispensing  systems  to 
helicopters  as  installed  accessories  would  require  redesign  of 
the  helicopters,  resulting  in  large  added  development  costs. 

• Personnel  Issues 

It  is  axiomatic  that  the  first  priority  the  Army  establishes  in 
operations  in  extreme  cold  is  for  troops  to  establish  warm  shelters 
immediately  in  any  location  where  they  are  not  moving  while  per- 
forming their  operations.  Five-man  or  ten-man  arctic  tents  and 
Yukon  stoves  are  standard  equipment  for  arctic  shelters.  Accord- 
ingly, should  Army  doctrine  require  that  all  AFARE's  and  AFSSP's 
deployed  for  operations  be  manned  at  all  times,  warm  personnel 
shelters  will  be  available  for  protecting  batteries  and  other 
components  which  would  become  ineffective  when  not  in  active 
use.  This  could  be  an  alternative  consideration  to  providing 
batteries  and  other  components  which  will  remain  fully  effective 
at  temperatures  down  to  -60°F. 

With  regard  to  working  in  the  extreme  cold,  operators  and  main- 
tenance personnel  take  three  to  four  times  longer  to  perform 
operations  at  -60°F  than  at  normal  temperatures.  Furthermore, 
petroleum  arctic  mittens  are  not  currently  available  for  -60°F 
temperatures,  and  they  are  vitally  needed. 

• Transportab i I i ty  Issues 

Inasmuch  as  military  operations  may  be  in  areas  without  roads 
and  in  deep  snow,  operations  may  have  to  be  conducted  by  per- 
sonnel using  snow  shoes,  skis,  and  helicopters.  AFARE  equipment 
and  fuel  resupply  drums  must  be  transportable  by  helicopters. 

In  addition,  due  to  limited  roads  in  the  arctic,  AFSSP's  must  be 
air  transportable  to  required  locations  and  must  be  capable  of 
receiving  bulk  resupply  by  air  (as  well  as  from  other  means  at 
other  locations  having  road  and  rail  networks). 
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• Tactical  Vulnerability  Issues 


Tactical  security  for  the  current  Army  fuel  dispensing  systems 
is  obtained  principally  by  passive  measures.  These  include 
dispersion  and  camouflage  of  the  operating  supply  points  whenever 
possible.  In  the  arctic,  some  of  the  components  are  painted  in 
the  standard  alternating  white  and  olive  drab  irregular  patterns. 
Camouflage  nets  are  also  used.  Dispersion  and  camouflage  of 
AFSSP  locations  should  be  somewhat  easier  inasmuch  as  direct 
helicopter  refueling  operations  would  be  minimized  and  these 
points  would  probably  be  more  fixed  than  AFARE's.  Such  passive 
protective  measures  would  be  somewhat  ineffective  for  AFARE's 
since  their  general  locations  would  be  disclosed  by  continuous 
helicopter  refueling  operations  during  heightened  military  activity. 
It  would  appear  that  AFARE's  would  have  to  be  relocated  frequently 
in  forward  areas  for  security  from  energy  countermeasures. 

There  appears  to  be  no  protect. 'on  for  these  fuel  dispensing 
systems  from  detection  by  infr*  red  (IR)  radiation  equipment  or 
by  the  noise  that  the  pump  driv^  equipment  qenerates  in  operation. 
Security  from  direct  ememy  attack  and  from  pilferage  or  sabotage 
would  have  to  be  performed  by  local  security  forces.  There  is 
no  protection  for  the  systems  from  enemy  exploding  munitions 
other  than  from  dispersion  and  physical  barriers  found  in  the 
local  terrain  features.  Burial  or  digging  in  the  components  is 
extremely  difficult  in  the  frozen  conditions  at  low  arctic  temper- 
atures . 

• Other  Operational  Considerations  Using  Current  Technology 

An  additional  cold  weather  problem  is  nozzle  blowback.  Excessive 
fuel  line  pressures  in  the  dispensing  systems  must  be  avoided 
to  prevent  nozzle  blowback  in  the  operators  hands  when  refueling 
helicopters.  Blowback  may  cause  operators  to  spray  fuel  up  at 
the  helicopter  hoi  exhaust  parts  and  result  in  fire  and  explosion. 
Cold  stiffened  flexible  fuel  lines  leading  to  the  nozzles  com- 
pound this  problem. 

As  for  heating  possibilities,  much  use  is  made  of  Herman-Ne 1 son  portable 
heaters  to  warm  equipment  for  start-up.  Swingfire  portable  heaters  are 
new  items  which  have  been  tested  in  the  arctic,  are  sat i sfactory,  and 
highly  regarded.  Such  equipment  is  very  slow  to  start-up  from  cold  soak 
cond i t i ons . 

With  regards  for  alternative  approaches,  designs  using  compressed  air  and 
exhaust  energy  sources  must  consider  severe  freeze  up  problems  from  water 
vapor. 

A final  problem  is  the  static  electric  problem  alluded  to  in  the  discussion 
of  helicopters.  Fuel  dispensing  systems  and  vehicles  being  refueled  must 
be  grounded,  and  this  is  difficult  in  the  winter  extremes. 
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One  can  draw  several  conclusions  given  the  present  practices  in  the 
arctic.  The  current  proposed  AFARE  concept  is  difficult  to  implement 
for  remote  operation.  Furthermore,  elastomerics  pose  a severe  problem. 

On  the  other  hand,  gas-turbine  pump  drives  offer  a great  deal  of  promise, 
and  200  and  600  GPM  pumps  appear  feasible  for  AFARE  and  AFSSP  respectively. 

h . 3 GAS  TURBINE  ENGINES  FOR  PUMP  DRIVES 


In  view  of  the  promise  of  gas  turbine  engines,  Arthur  D.  Little,  Inc. 
conducted  a research  of  the  availability  and  performance  of  suitable  gas 
turbine  engines  (GTE)  to  serve  as  prime  movers  for  the  arctic  fuel  dis- 
pensing systems.  GTE ' s made  by  Solar  Turbines  International  and  by  The 
Garrett  Corporation  were  investigated  and  descriptions  and  specifications 
are  attached  as  Appendix  3. 

Applicable  units  investigated  were: 

AFSSP  (600  GPM  pump)  - Solar  Titan  T-32,  150  HP 

Garrett  GTP  36*51 , 75  HP 

AFARE  (200  GPM  pump)  - Solar  Gemini,  27  HP 

Garrett  GTP  30-67,  32  HP 


Additionally  there  appears  to  be  a hi  HP  version  of  the  Solar  Gemini  and 
a h2  HP  version  of  the  Garrett  GTP  30-67.  The  major  conclusions  follow: 

Except  for  the  Garrett  GTP  36-51,  which  has  been  integrated  for  a proto- 
type with  a pump,  these  units  are  all  used  currently  with  a generator 
or  an  alternator  as  portable  electric  power  plants.  The  Garrett  GTP 
36-51  has  optional  gearboxes  which  can  supply  a variety  of  output  shaft 
speeds  for  integration  with  a pump.  The  Garrett  GTP  30-67  has  an  op- 
tional gearbox  for  a 3600  RPM  output  which  might  be  suitable.  The  Solar 
Gemini  drives  a 3600  RPM  generator  in  one  version,  and  therefore,  a 
gearbox  is  available  at  that  speed.  The  Solar  Titan  output  speed,  however, 
is  evidently  6,000  RPM,  which  may  be  high  for  convenient  integration  with 
suitable  pumps. 


Small  quantity  prices  are  estimated  to  be: 

$60,000  - $70,000 
$20,000  - $25,000 
$25,000 

$23,000  - $2M00 


Solar  Gemini  with  3600  RPM  generator 
Solar  Titan  without  generator  or  gearbox 
Garrett  GTP  36-51,  turbine  and  gearbox 
Garrett  GTP  30-67,  turbine  alone 


The  sizes  of  the  units  are  shown  on  the  specification  sheets  in  Appendix 
3.  Weights  range  from  89  lbs.  to  900  lbs.,  the  upper  end  including  con- 
siderable generating  hardware.  For  the  single  case  where  the  turbine  and 
gearbox  alone  are  shown,  i.e.,  the  Garrett  GTP  36-51,  this  combination 
has  a weight  of  370  lbs. 


All  of  these  units  have  an  electric  starter  which  operates  from  a 2A  VDC 
battery  supply  (e.g.,  two  A5  amp-hour  batteries  in  series).  The  GTE's 
have  all  been  tested  and/or  qualified  for  starting  at  temperatures  between 
-65°f  and  +130°F.  The  Solar  units  cite  a 30-second  start  throughout  this 
temperature  range.  For  operations  at  -60°F,  the  batteries  should  be  the 
type  that  will  be  fully  functional  at  those  low  temperatures.  (Batteries 
for  cold  weather  operations  are  discussed  in  Chapter  6.  An  alternate 
starting  system  using  pressurized  dry  nitrogen  and  an  air  starting  motor 
for  the  GTE's  is  also  discussed  in  Chapter  6.) 

All  of  the  above  gas  turbine  engines  can  operate  on  all  four  of  the  fuels 
of  interest  in  arctic  operations,  however,  leaded  gasoline  should  not  be 
used  if  possible  or  used  only  in  case  of  emergency  due  to  its  corrosive 
effect  on  the  turbines. 

Air-cooled  diesel  engines  of  the  sizes  required  for  these  applications 
are  also  readily  available  and  these,  as  well  as  others,  were  evaluated. 

A comparison  of  the  various  engines  are  presented  in  the  first  phase 
evaluation.  Chapter  5. 

A. A SOLID  PROPELLENTS  AND  ACCUMULATORS 


One  of  the  alternative  arctic  fuel  dispensing  system  configurations 
developed  during  this  study  was  the  replacement  of  the  conventional  pump 
and  pump  drive  units  with  a system  involving  the  generation  of  a com- 
pressed gas  by  ignition  of  a solid  propellent.  This  compressed  gas  would 
pump  fuel  by  means  of  a set  of  accumulators.  A sketch  of  such  a system 
is  shown  on  Figure  A-l.  There  would  be  several  fuel  accumulators  so 
that  the  empty  ones  would  be  recharged  with  fuel  from  the  storage  tanks 
as  fuel  was  being  pumped  out  of  others  during  dispensing  operations. 

Some  initial  research  was  conducted  for  this  type  of  alternative  to 
assess  its  feasibility.  Investigation  of  solid  propellents  to  generate 
compressed  gas  for  this  dispensing  scenario  revealed  that  such  propellents 
are  available  for  producing  non-toxic  gases.  Atlantic  Research  Corpora- 
tion (ARC),  Gainsville,  Virginia,  is  one  manufacturer.  These  propellents 
have  been  produced  for  use  in  passive  restraint  devices  for  the  automobile 
industry.  Principal  gases  produced  by  one  type  of  propellent  are  water, 
carbon  dioxide,  and  oxygen  (another  type  not  made  by  ARC  is  available 
which  does  not  generate  water).  The  major  solid  component  of  the  type 
propellent  investigated  is  potassium  chloride  and  all  chemicals  used  in 
making  the  propellents  are  readily  available. 

As  a rough  example  of  materials  and  equipment  required  for  this  compressed 
gas/accumul ator  system,  we  will  use  a requirement  to  dispense  100  gallons 
of  fuel  at  a pressure  of  150  psig  as  our  base.  This  will  produce  the 
required  head  of  about  350  feet  for  AFARE.  We  are  assuming  that  carbon 
dioxide  and  oxygen  are  available  as  working  fluids  since  water  will  con- 
dense out  at  low  arctic  temperatures.  This  mixture  would  be  76%  carbon 
dioxide  and  2A%  oxygen. 


Referring  to  the  s/steni  shown  in  Figure  4-1  the  gas  generator  cartridge 
would  operate  at  about  2,000  ps i and  would  pressurize  a 2.5  cubic  feet 
gas  accumulator  volume  up  to  200  psig.  Gas  would  be  bled  from  the  gas 
accumulator  and  regulated  to  150  psig  to  displace  fuel  from  the  fuel 
accumulator.  About  18  lbs  of  gas  are  required  to  do  this  and  this  qas 
weight  would  be  produced  by  a propellent  mass  of  about  51  lbs.  The  pro- 
pellent would  be  in  the  form  of  a solid  cylinder  about  5 inches  in 
diameter  and  47  inches  long.  It  would  be  wrapped  with  an  inhibitor  so 
that  it  would  burn  on  one  end  like  a cigarette.  At  -60°F,  it  would 
burn  about  54  seconds.  Thus,  two  such  gas  generators  would  have  to 
operate  at  all  times  to  produce  an  average  flow  of  fuel  of  200  GPM. 
Presumably,  this  could  be  achieved  by  four  or  more  parallel  gas  accumulator/ 
fuel  accumulator  systems  arranged  so  that  at  least  two  were  pumping  at 
all  times  while  the  others  were  filling  with  fuel  and  being  recharged 
with  propellent  cartridges.  In  suf'icient  quantities,  the  propellent 
cartridges  are  estimated  to  cost  about  $150  and  the  percussion  igniters 
about  $1.  Since  each  cartridge  pumps  100  gallons  of  fuel,  the  pumping 
cost  per  gallon  is  $1.50.  An  advantage  to  this  pumping  system  is  that 
the  energy  source  is  independent  of  the  fuel  being  dispensed  by  the 
system  and  solid  propellents  have  been  developed  by  industry. 

Though  the  use  of  compressed  gas  generated  by  burning  solid  propellents 
to  pump  fuel  from  an  AFARE  or  AFSSP  system  appears  feasible,  there 
appear  to  be  severe  penalties  associated  with  the  planned  use  of  this 
system.  First,  the  pumping  costs  are  very  high.  Second,  the  develop- 
ment time  and  costs  may  be  high  in  the  areas  of  solid  propellent  ignition 
procedures  for  arctic  field  use,  fuel  transfer  procedures  from  the  stor- 
age tanks  to  the  fuel  accumu lators , gas  cooling  procedures  in  the  gas 
accumulator  following  initial  generation,  gas  scrubbing  procedures  to 
remove  combustion  particles  after  iqnition,  and  possibly  compressed 
gas/liquid  fuel  separation  procedures  before  the  fuel  enters  vehicle 
fuel  tanks.  Third,  the  system  may  be  virtually  impossible  to  design 
for  effective  automatic,  unattended  operation.  Fourth,  component  main- 
tenance requirements  may  be  excessive  and  costly,  particularly  for  the 
gas  scrubbing/gas  accumulator  equipment.  Fifth,  the  large  numbers  of 
components  may  penalize  the  system  in  meeting  system  volume  and  weight 
criteria.  Sixth,  the  system  would  require  machinery  to  load  the  solid 
propellent  cartridges  at  rates  of  two  per  minute  or  would  require  quick 
manual  reaction  by  operating  personnel,  all  of  which  lowers  the  system 
reliability.  The  evaluation  of  the  system  is  presented  in  the  next 
chapter . 
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CHAPTER  5 * FIRST  PHASE  EVALUATION 


5.1  INTRODUCTION 

This  chapter  presents  the  results  of  the  first  phase  evaluation  of  the 
various  alternatives  tabulated  in  Chapter  3.  The  purposes  of  this  pre- 
liminary evaluation  were: 

• to  eliminate  from  further  considerations  those  alternatives 
that  fall  far  short  of  fulfilling  the  mission  objectives; 

• to  reduce  the  number  of  candidate  systems  to  a much  smaller 
set  on  which  a more  detailed  evaluation  can  be  carried  out; 

• to  discover  the  evaluation  criteria  with  high  discriminatory 
power  and  to  eliminate  criteria  that  do  not  effectively  dis- 
criminate among  alternatives; 

• to  find  out  where  more  research  and  analysis  must  be  carried 
out  to  gather  more  information  or  to  refine  the  comparison 
methodology  so  that  the  next  evaluation  phase  can  be  carried 
out. 

In  the  preliminary  evaluation  it  was  important  to  recognize  concepts  whose 
performance  is  high,  even  though  their  development  risks,  after  an  initial 
examination,  appeared  also  to  be  high.  An  example  of  such  a system  was 
the  baseline  system  proposed  by  MERADCOM  (Alternative  1).  Prior  to  a 
systematic  evaluation  of  all  the  alternatives,  we  qualitatively  rated  the 
baseline  system  with  respect  to  the  initial  set  of  attributes.  The  vari- 
ant considered  has  a gas  turbine  drive  and  a centrifugal  pump.  The 
qualitative  evaluation  presented  in  Section  5.2  demonstrated  several 
things.  First,  it  deomonstrated  the  importance  of  development  risk; 
second,  it  demonstrated  that  the  baseline  system  had  excellent  potential; 
and  third,  it  emphasized  the  importance  of  a flexible  and  easy  to  use 
system. 

After  the  preliminary  evaluation  of  the  baseline  system,  all  of  the  initial 
candidate  systems  were  systematically  evaluated.  When  alternatives  that 
fall  far  short  of  mission  performance  requirements  were  eliminated,  the 
only  alternatives  left  were  variations  of  the  baseline  system.  Various 
options  included  hosing,  type  of  drive  (gas  turbine  or  diesel)  existence 
of  a shelter,  and  type  of  starting  system. 


1 


The  organization  of  the  chapter  is  as  follows:  Section  5.2  presents  the 
preliminary  evaluation  of  the  baseline  system,  Section  5.3  presents  the 
steps  in  the  evaluation,  Section  5.**  presents  the  attribute  refinement. 
Section  5-5  presents  the  decomposition  of  alternatives,  and  Section  5-6 
presents  the  scoring  methodology.  In  Section  5-7  the  scoring  results 
are  presented  along  with  the  alternatives  selected  by  the  evaluation  pro- 
cedure. 

5.2  PRELIMINARY  EVALUATE  OF  STANDARD  BASELINE  SYSTEM 

In  this  section  we  present  a preliminary  evaluation  of  the  attributes 
of  the  baseline  system.  The  subalternative  considered  is  a centrifugal 
pump  with  a gas  turbine  drive.  The  other  subsystems  will  result  in 
similar  evaluations  for  many  of  the  attributes.  The  sample  evaluation 
below  is  geared  for  the  AFARE  system.  AFSSP  evaluation  will  be  similar. 

A system  concept  diagram  of  the  concept  is  depicted  below: 


FIGURE  5-1 


DIAGRAM  OF  CONCEPT  1 FOR  AFARE  WITH  CENTRIFUGAL  PUMP 
AND  GAS  TURBINE  ENGINE 


Each  of  the  components  of  the  system  is  depicted  by  a box  with  the  name 
of  the  component  within  the  box.  Reliability  or  availability  of  the 
system  can  then  be  calculated  in  terms  of  the  reliability  and  availability 
of  each  of  the  individual  components. 


The  evaluation  of  each  of  the  attributes  is  evaluated  as  follows: 


* 


i 
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1 . Performance 

• Capability  of  meeting  requirements  - high 

• Filling  rates  - 200  (GPM) 

• System  turnaround  speed  for  fuel  off-laoding  - fast 

• System  turnaround  speed  for  refueling  - fast 

• Fuel  flexibility  - high 

2.  Availability  - Reliability 

• Nozzles  - Close  to  1 

• Hoses  - availability  of  0.9  * hoses  are  more  vulnerable 
when  the  system  is  idle  and  the  fuel  is  not  flowing  through 
i t 

• Fi 1 ter  - Moderate 

• Pump  - availability  and  reliability  is  moderate  to  high 

• Tanks  - availability  and  reliability  is  moderate  to  high 

3.  Development  Risk 

• Probability  of  implementation  using  current  technologies 
within 

- 1982  - low 

1985  ~ moderate 

1988  - moderate  to  high 

• Probability  of  developing  components  within  time  period: 

a.  Hoses  - high 

b.  Filter  - moderate 

c.  Pump  and  Drive  - high 

d . Sea  Is  - high 

e.  Drums  - moderate 

f.  Nozzles  - high 

g.  Clothing  - low 

• Probability  of  implementing  integrated  system  assuming 
components  can  be  developed  - high 

• Variability  of  development  costs  for 

a.  Hoses  - low 

b.  Filter  separators  - moderate 

c.  Pump  and  Drive  - low 

d.  Seals  - low 

e.  Collapsible  drums  - low 

• Dependence  on  undeveloped  or  high  cost  materials  is  high 
to  very  high 
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A.  Costs 


• Annualized  cost  of  capital  by  component  - moderate  for  most 
components 

• Development  costs  - high 

• Development  costs  for  integrated  systems  - low 

• Operating  costs 

a.  Fuel  - low  to  moderate 

b.  Replacement  parts  - low 

c.  Inventory  - low 

d.  Manpower  to  operate  - low 

e.  Extra  manpower  for  maintenance  - not  known  at  present 
t ime 

5.  Flexibility  and  Ease  of  Use 

• Size  - small  size,  high  score 

• Weight  - low  weight,  high  score 

• Ease  of  operation  - low  down  to  -l40°F,  moderate  to 
difficult  at  temperatures  below  this 

• Set-up  time  - short,  high  score 

• Dismantling  time  - short,  high  score 

• Terrain  performance  and  on-site  restrictions  - high  score 
for  both  rugged  terrain  and  thick  brush  or  timber 

» Operational  dependence  on  special  tools,  skills  - low  score 
because  gas  turbines  require  special  tools  and  skills 

• Transportability  - high  score 

6.  Other  Factors 


• Safety  - moderate 

• Security  - low 

• Vulnerability  for  9 situations  listed  in  LOA  - high  vulner- 
ability and  low  score  for  each 

• Environmental  compatibility  - low 

• Maintenance  time  for  system  as  a function  of  the  individual 
components  - moderate,  system  could  require  substantial 
maintenance  due  to  advanced  components 

• Maintenance  frequency  for  system  - moderate 

The  overall  initial  evaluation  of  the  system  was  that  it  would  be  flexible, 
transportable,  easy  to  use,  and  have  good  performance  specifications. 
However,  in  the  initial  analysis,  it  appeared  that  the  system  would 
require  substantial  technological  advancement  and  the  results  of  this 
would  pose  reliability  issues  for  operation  in  the  temperature  range 
desired  by  the  Army.  Consequently,  it  appeared  that  the  system  would 
have  serious  drawbacks  in  the  areas  of  reliability  and  development  costs. 

It  was  also  clear,  however,  that  the  system  would  be  evaluated  in  the 
second  stage  of  scoring. 
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Having  performed  only  a preliminary  evaluation  of  the  system,  it  was  not 
clear  whether  the  development  risk  issue  would,  in  the  final  analysis, 
be  a severe  detriment  to  the  rating  of  the  system.  Hence,  research  on 
fuel  supply  systems  was  directed  at  some  of  the  development  risk  issues 
posed  by  this  initial  evaluation.  In  later  stages  of  evaluation  the 
development  risk  issue  was  not  as  serious  as  originally  charged  and 
additional  research  also  showed  that  the  reliability  issue  was  also  not 
a serious  issue.  However,  the  evaluation  did  show  (1)  which  areas  future 
research  should  be  directed  and  (2)  the  potential  of  the  baseline  system. 

5.3  STEPS  IN  EVALUATION  PROCEOURE 


The  overall  evaluation  procedure  evaluated  the  competing  systems  in  each 
of  the  various  attributes.  The  steps  in  the  procedure  were  as  follows: 

• Consolidation  of  system  attributes  into  categories  that 
can  be  estimated  in  a first  pass  evaluation 

• Decomposing  the  rating  into  several  categories.  For 
example,  base  systems  were  rated  separately  from  pumps 
and  hosing  systems 

• Evaluating  each  alternative  and  component  choice  for 
each  attribute,  with  an  absolute  score  that  can  be  added 
to  scores  for  other  attributes 

• Totalling  scores  for  each  scenario 

Each  of  these  principles  is  described  in  the  following  sections  and  the 
resulting  analysis  is  presented  in  the  final  section. 

CONSOLIDATION  OF  ATTRIBUTES 

The  list  of  attributes  presented  in  Chapter  2 includes  all  possible  sys- 
tem characteristics  that  we  could  conceive  as  relevant  to  MERADCOM.  In 
the  first  phase  of  the  evaluation,  however,  not  all  of  these  attributes 
were  absolute  requirements  of  the  system  and  could  be  eliminated  for  the 
purposes  of  evaluation.  In  other  words,  if  the  system  did  not  receive 
an  adequate  rating  for  the  attributes,  it  could  not  possibly  be  considered 
for  further  evaluation.  As  a result,  those  attributes  which  were  just 
minimum  requirements  were  omitted  from  the  analysis  since  each  system 
by  design  would  meet  these  requirements.  Other  attributes  were  judged 
to  be  superfluous.  For  example,  transportability  was  omitted  and  was 
judged  to  be  totally  a function  of  size  and  weight.  Other  attributes 
were  aggregated  with  others  to  simplify  scoring. 

Those  attributes  eliminated  because  they  were  either  superfluous  or  minimum 
requirements  for  the  system  included: 

• Capability  of  meeting  system  requirements 

• Variability  of  development  cost 

• T ransportab i 1 1 ty 
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In  addition  the  following  aggregations  were  performed  to  simplify  scoring 
and  to  reflect  the  fact  that  only  a certain  level  of  detail  could  be 
obtained  in  the  first  phase  evaluation. 

• Probability  of  system  being  available  and  successfully 
functional  (i.e.,  reliability)  at  various  temperatures 
was  simplified  to  reliability  at  -60°F  and  -20°F  as  the 
others  were  judged  to  be  superfluous. 

• Implementation  probability  using  current  technology  was 
aggregated  in  a single  rating  for  all  phases 

• Probability  of  developing  components  was  aggregated  into 
a single  index. 

• Development  costs  were  aggregated  for  all  the  components 
and  the  integrated  system. 

• Operating  costs  for  the  replacement  parts  inventory  and 
extra  manpower  for  maintenance  was  aggregated  into  other 
operating  costs. 

• Operational  and  maintenance  dependence  on  special  tools 
and  skills  was  aggregated  into  a single  special  tools  and 
skills  dependence  factor. 

Thus,  the  final  list  of  attributes  utilized  in  the  first  phase  evaluation 
consisted  of: 

Off-loading  speed 
Response  capability 
-60°F  Reliability 
-20°F  Rel iab i 1 i ty 
L i fet ime 

Implementation  Probability  Using  Current  Technology 
Fuel  Flexibility 

Probability  of  Developing  Components 

Probability  of  Integrating  System 

Dependence  on  High  Cost  Material 

Capital  Cost 

Development  Cost 

Fuel  Cost 

Manpower  Costs 

Other  Operating  Costs 

S i ze 

Weight 

Ease  of  Operation 

Set-up  and  Dismantling  Time 

Rough  Terrain  Performance 

Dependence  on  Special  Tools  and  Skills 

Ability  to  Stand  Alone 

Safety 


Secur  i tv 
Vu 1 nerab i 1 i ty 

Environmental  Compatibility 
Ma  intenance  Time 
Maintenance  Frequency 


5 . 5 DECOMPOSITION  OF  ALTERNATIVES 


As  noted  in  Chapter  3,  there  were  several  concepts  proposed  for  both 
AFARE  and  AFSSP.  In  addition,  there  were  several  component  variations 
of  these.  Starting  from  the  original  list  of  scenarios  and  considering 
variations  where  appropriate^  we  noted  the  following  range  of  scenarios 

16  Base  Scenarios  for  AFARE 
21  Base  Scenarios  for  AFSSP 

k Pump  Possibilities 

5 Pump  Drive  Possibilities 

6 Hosing  Alternatives 

2 Storage  Tank  Alternatives 

The  number  of  combinations  of  these  choices  was  a very  large  number.  For 
example,  the  number  of  AFSSP  scenarios  was  21  xAx5x6x2  = 50^0. 

As  it  was  infeasible  to  separately  evaluate  all  of  these  alternatives, 
we  decided  to  decompose  the  evaluation  into  base  scenarios,  pumps,  pump 
drives,  hosing  alternatives  and  tank  alternatives.  That  is,  we  rated 
each  pump  drive  separately,  each  base  scenario  separately,  and  so  forth. 

This  approach  is  the  only  feasible  one  under  the  circumstances;  however, 
it  should  be  noted  that  there  were  implicit  assumptions  in  this  approach. 
The  key  assumption  was  that  the  effects  of  each  variation  were  additive 
and  independent.  That  is,  for  example,  it  was  assumed  the  effect  of  a 
diesel  engine  was  the  same  for  a system  without  an  inflatable  shelter  as 
for  a system  with  an  inflatable  shelter.  Although  effects  are  additive 
in  most  cases,  it  was  not  always  the  case.  For  the  example  cited,  a 
shelter  was  much  more  useful  for  a diesel  engine  system  than  for  a gas 
turbine  system. 

It  was  judged  that  the  two  phase  scoring  system  would  overcome  this  pro- 
blem. For  example,  suppose  the  21  base  scenarios  were  reduced  to  5,  the 
number  of  pu'os  reduced  to  1,  number  of  pump  drives  to  2,  the  number  of 
hosing  alternatives  to  2 and  the  number  of  storage  tank  alternatives  to 
2.  This  would  leave  a table  of  1*0  complete  scenarios  (including  all 
combinations).  It  would  be  feasible  to  rate  each  of  these  separately. 

As  a result  of  the  decomposition  approach,  the  results  in  this  chapter 
treat  the  base  system  and  each  of  the  components  separately,  where  the 
base  systems  are  assumed  to  be  using  (unless  otherwise  specified)  a gas 


For  example,  we  counted  the  separate  variations  of  alternative  two, 
but  aggregated  2b  and  2f.  We  also  aggregated  3a  and  3b. 
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turbine  engine,  centrifugal  pump,  and  flexible  hosing.  We  also  considered 
variations  on  some  of  the  original  alternatives.  For  example,  the  in- 
flatable shelter  was  posed  as  a separate  alternative  for  each  type  of 
heater. 

The  candidate  AFARE  system  include: 

Standard  or  baseline 
Continuous  heater 
Portable  heater 

Compressed  Gas  Magneto  (gas  start) 

Other  energy  storage 
Compressed  air/gas  accumulator 
Inflatable  shelter  with  continuous  heater 
Inflatable  shelter  with  portable  heater 
Rigid  shelter  with  continuous  heater 
Rigid  shelter  with  portable  heater 
Hel icopter  tanker 
Rec i rcu late 

Components  placed  on  vehicles 
Microwave  energy  drive 
Wind  energy  drive 

Solar  (for  shelter  heat  only)  energy  drive 

The  candidate  AFSSP  system  include: 

Standard  or  baseline 
Continuous  heater 
Portable  heater 

Exhaust  heater  from  vehicles  being  refueled 
Compressed  gas  magneto  (gas  start) 

Other  energy  storage 
Compressed  air/gas  accumulator 
Inflatable  shelter  with  continuous  heate- 
Inflatable  shelter  with  portable  heater 

Inflatable  shelter  exhaust  heater  from  vehicle  being  refueled 
Rigid  shelter  with  continuous  heater 
Rigid  shelter  with  portable  heater 

Rigid  shelter  exhaust  heat  from  vehicles  being  refueled 
Truck  tanker 
Rec i rculate 

Components  placed  on  vehicles 
Microwave  energy  drive 
Atomic  energy  drive 
Wind  energy  drive 
Solar  energy  drive 
Take-off  shaft  from  vehicles 
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Both  the  AFARE  and  AFSSP  system  reflect  all  possible  variations  from  the 
first  9 alternatives  listed  in  Chapter  3.  (The  10th  variation  is  treated 
as  a storage  tank  alternative). 

The  pump  alternatives  include: 

Scrol 1 

Peristaltic 

Centr  ifuga  I 

Positive  Displacement 

The  pump  drive  alternatives  include: 

Gas  Turbine  Drive 
Gasol i ne 
D iesel 

Electrical  Motor 
Double  Gas  Turbine 

Note:  The  double  gas  turbine  drive  is  an  example  of  a redundant 
component  which  we  discussed  in  Chapter  3* 

The  hosing  alternatives  include: 

Advanced 

Advanced  Small  Diameter 
Economi c 

Economic  Small  Diameter 
Rigid 

Rigid  Small  Diameter 

The  storage  tank  alternatives  include: 

Collapsible  Tanks  -60°F 
Rigid  Collapsible  Tanks 

As  noted  in  Chapters  3 and  A,  there  were  some  alternatives  posed  for 
collapsible  tanks  and  hoses.  With  regard  to  collapsible  tanks  the  col- 
lapsible feature  was  viewed  as  a characteristic  that  may  not  be  feasible 
with  moderate  development  and  capital  expenditures.  For  hoses,  the 
state-of-the-art  materials  are  also  extremely  expensive.  The  economic 
alternative  was  envisioned  as  a future  flexible  collapsible  hosing  at  a 
substantially  lower  cost  than  the  current  state-of-the-art.  This,  as 
shown  in  the  scoring  section,  was  not  rated  extremely  well.  However, 
as  born  out  by  field  data  research  (Chapter  4)  and  elastomeric  research 
(Chapter  6)  some  state-of-the-art  alternatives  such  as  Goodyear  Flexwing 
are  more  moderately  priced.  This  type  of  hosing  is  not  collapsible  and 
was  not  considered  directly  in  the  first  phase  of  scoring.  When  various 
state-of-the-art  materials  were  considered  in  the  final  evaluation, 
specific  alternatives  such  as  Flexwing  were  considered. 


5 . 6 SCORING  METHODOLOGY 


For  each  component  alternative  and  each  AFARE  and  AFSSP  alternative,  each 
attribute  was  rated  on  a scale  of  0 to  5.  The  results  of  this  scoring 
are  presented  in  Table  5~1.  Note  that  each  score  is  only  a relative 
score.  A 5 on  one  alternative  may  have  a different  implication  than  a 
5 on  another  alternative.  In  order  to  convert  these  relative  scores 
into  an  actual  comparative  score,  a transformation  was  then  utilized. 

For  the  relative  scores,  a 5 generally  represented  the  best  among  alter- 
natives and  in  particular  consistent  with  Army  goals.  A 1 represented 
a relatively  poor  rating  and  a zero  represented  a serious  deficiency. 

For  certain  attributes  all  ratings  were  fairly  high,  in  which  case  there 
were  only  minor  degradations  in  actual  attribute  performance.  For  example 
all  of  the  systems  were  reasonably  good  performers  for  manpower  costs. 

For  various  attributes  the  interpretation  of  the  relative  scores  for  the 
alternatives  are  as  follows: 

Off  Loading  Speed: 

4 - Rapid  off-loading 

5 - No  set  up 

Response  Capability 

1 - Moderate  delay  in  response 
5 - No  delay 

(Items  that  slow  response  down  include  working  outside,  carrying  batteries 
and  heating  up  components.) 

Reliability  at  any  given  temperature 

I - 50%  or  less  probability 
5 - Almost  surely  works 

L i fet ime 

4 - Less  than  two  years  1 i fe 

5 “ Two  years  or  more 

Implementation  Probability 

1 - Really  not  feasible  with  current  technology 

4 - Current  technology  acceptable  except  for  tanks 

5 - Current  technology  totally  acceptable 

Fuel  Flexibility 

1 - One  fuel  only 

5 - Flexible 
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■HMMMMIMai 


Probability  of  Developing  Components 

0 - Extremely  unlikely 
2 - Not  likely 

5 - Very  probable 

Probability  of  integrating  system 

1 - Severe  interface  problems 
5 - Integration  no  problem 

Dependence  on  High  Cost  Materials 

1 - Great  dependence  on  exotic  or  high  cost  materials 
- Hoses  and  collapsible  tanks  are  only  issues 
5 ■ Very  little  dependence  on  high  cost  materials 

Capital  Costs  (See  Text) 

1 - $100,000,000  for  AFARE  or  approximately  two  orders  of  magnitude 
larger  than  baseline  for  AFSSP. 

5 - $2,000,000  for  AFARE,  no  more  than  baseline  for  AFSSP 
Development  Costs 

1 - Significant  Development 
5 - None  or  little 

Fuel  Costs 

2 - Three  gallons  per  hour  for  AFARE,  9 for  AFSSP 

5 - Nothing  in  excess  of  the  fuel  being  transferred 

Manpower  Costs 

3 - Needs  dedicated  manpower 
5 - Can  be  unattended 

Other  Operating  Costs 

1 - A high  degree  of  operating  cost 

3 - Frequent  inspection  and  moderate  parts  with  3 to  ^ overhauls 
per  year 

Size 

1 - Rigid  with  some  size  problems 
5 - No  bigger  than  standard  baseline  system 


8A 


I 


We  i ght 

For  AFARE 

I - 1,200  pounds  or  more 
3 - Approximately  1,000  lbs. 

^ - Standard,  about  900  pounds 

5 - Nothing 

For  AFSSP 

I - Significantly  heavier  than  baseline 

^ - Slightly  heavier  than  baseline  on  a percentage  basis 
5 - About  the  same  as  the  baseline,  or  well  within  guidelines 

Ease  of  Operat ion 

3 - Some  difficulty 
5 - Easy 

Set-up  and  Dismantling  Time 

1 - Difficult 

5 - None 

Rough  Terrain  Performance 

3 - Some  difficulty 
5 - No  degradat ion 

Dependence  on  Special  Tools  and  Skills 

1 - Specialized  expertise  required 
5 - None  required 

Ability  to  Stand  Alone 

1 - Must  be  manned 
3 - Attendence  Preferred 
5 - Can  be  left  alone 

Safety 

1 - Some  safety  problems 
5 - No  unusual  problems 

Security,  Vu 1 nerab i 1 i ty 

1 - Very  vulnerable 
3 - System  somewhat  vulnerable 
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Env  i ronnii'nt.il  Compat  i b i 1 i ty 

3 - Can  inflict  environmental  damage 

Maintenance  Time,  Frequency 

1 - Frequent  or  lengthy  maintenance 
5 - No  unusual  requirements 


Note  that  for  some  categories,  the  scales  for  AFARE 
the  same.  For  example,  weight  is  more  critical  for 
more  significantly  by  component  variations.  Rating 
were  rated  on  an  analogous  basis  as  the  alternative 


and  AFSSP  are  not 
AFARE  and  is  modified 
scales  for  components 
systems . 


The  conversion  of  the  relative  scores  into  absolute  scores  was  accomplished 
by  means  of  a transformation  table.  The  table  of  transformations  is 
presented  in  Table  5"2.  In  developing  the  transformations  there  were  two 
principles  employed. 


1 . Non- 1 i near  utility 

2.  Unequal  weights  of  attributes 

The  non-linearity  of  utility  is  necessary  to  differentiate  between  ac- 
ceptable and  unacceptable  a 1 ternat ives . For  example,  in  developing  capital 
costs  for  AFARE,  a I represented  a cost  of  about  100  million  dollars,  a 
3 represented  a cost  of  about  10  million  dollars,  and  a 5 represented 
a cost  of  about  2 million  dollars.  This  was  based  on  a rough  estimate 
of  100  AFARE  systems  and  5,000  vehicles  being  refueled.  A helicopter 
system,  for  example,  would  require  100  helicopters  at  a cost  of  about 
a million  dol lars  a piece  which  would  result  in  score  of  1 . A more 
inexpensive  system  would  represent  a score  of  3 to  5-  A helicopter 
system  is  clearly  unacceptable  and  we  transformed  a relative  score  of 
1 to  an  absolute  score  of  0.  On  the  other  hand,  we  rated  a score  of 
3 at  470,  a score  of  4 at  495,  and  a score  of  5 at  500.  With  this  type 
of  scoring  transformat  ion,  we  reflected  the  fact  that  there  is  not  a 
great  deal  of  emphasis  on  capital  cost  within  a specific  range  (for 
example,  there  is  very  little  difference  between  a 3 and  a 5)  but  there 
is  a huge  penalty  for  a large  capital  cost  (1  results  in  a score  of  0) . 

The  other  sources  in  the  scoring  table  reflected  the  non-linear  trans- 
formation where  necessary.  A graph  depicting  the  transformation  of 
capital  costs  is  presented  in  Figure  5*2. 


The  other  principle  in  the  scoring  transformat  ion  was  unequal  weights. 
Attributes  that  were  relatively  important  showed  a spread  of  100,  attri- 
butes that  were  moderately  important  showed  a spread  of  50  to  80,  and 
attributes  that  were  not  important  showed  a scoring  spread  of  25  or  less. 
The  scoring  table  indicates  the  relative  importance  of  various  attributes 
as  ascertained  in  our  conversations  with  MERADC0M. 


86 


In  establishing  the  transformation  values,  conversations  with  MERADCOM 
stiff  were  initiated  to  establish  the  relative  importance  of  certain 
qualities.  Levels  of  an  attribute  were  rated  as  either  essential,  very 
important,  moderately  important,  of  minor  importance,  or  of  no  importance. 
For  example,  high  -60°F  reliability  was  rated  as  very  important  while 
high  -A0°F  reliability  was  rated  as  essential. 

The  equation  for  total  score  was 


S. 

J 


r f. (x. . ) 

*—>  i i j 


where 

S. 

J 

F. 
X.  . 


total  score  for  concept  j 
transformation  function  for  attribute  i 
relative  score  of  concept  i for  attribute  j 


5.7  SCORING  TOTALS,  INTERPRETATION,  AND  CANDIDATES  FOR  FINAL  EVALUTION 

This  final  section  presents  the  tabulated  scores,  analyzes  and  interprets 
these  scores,  and  presents  the  candidates  subsequently  chosen  for  further 
analysis.  The  interpretation  was  not  simply  a matter  of  choosing  the 
highest  scores  in  each  category,  but  also  included  an  analysis  of  feasible 
combinations.  For  example,  could  the  highest  scoring  hosing  alternative 
be  used  with  the  highest  scoring  pump  alternative?  The  analysis  addressed 
this  and  other  issues. 

The  total  scores  for  each  scoring  category  are  presented  in  Table  5~3  ~ 5*5. 
The  subsequent  analysis  was  split  into  three  steps: 

1.  Refinement  and  reevaluation  using  the  initial  scoring  systems. 

2.  A more  detailed  analysis  of  the  pump  and  hosing  issue. 

3.  An  appraisal  of  the  evaluated  scores. 

The  first  step,  refinement  and  reevaluation  was  performed  to  account  for 
additional  considerations  that  arose  in  discussions  with  MERADCOM  per- 
sonnel. The  original  scores  are  omitted  from  this  report.  The  refine- 
ments included: 

1.  On  comparing  systems  utilizing  heaters  it  was  noted  that 
there  would  be  some  severe  feasibility  problems  without 
shelters.  We  therefore  adjusted  scores  relating  to 
reliability  of  those  systems  utilizing  heaters 


TABLE  5-3  - AFSSP  SCORING 


A| ternat i ve  Score 

Inflatable  Shelter  with  Continuous  Heater  2059 

Inflatable  Shelter  with  Portable  Heater  20**9 

Inflatable  Shelter  with  Exhaust  Heater  203** 

Rigid  Shelter  with  Portable  Heater  202** 

Rigid  Shelter  with  Continuous  Heater  201** 

Standard  Baseline  2009 

Compressed  Gas  Magneto  (Gas  Start)  2007.5 

Rigid  Shelter  Exhaust  from  Vehicle  Refueled  1999 

Recirculating  System  198** 

Portable  Heater  1963.5 

Continuous  Heater  1928.5 

Truck  Tanker  1893 

Wind  Energy  Drive  1892 

Exhaust  Heater  from  Vehicle  Refueled  1891 

Other  Storage  1855 

Solar  Energy  Drive  1782 

Compressed  air/gas  Accumulator  1735.5 

Components  Placed  on  Vehicles  1671.5 

Take-off  shaft  from  Vehicle  1629 

Atomi  Energy  Drive  1061 

Microwave  Energy  Drive  617 
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TABLE  5'A  - AFARE  SCORING 


A 1 terna  t i ve  Score 

Inflatable  Shelter  with  Portable  Heater  2026.5 

Standard  Baseline  1999 

Inflatable  Shelter  with  Continuous  Heater  1999 

Compressed  gas/magneto  (Gas  Start)  1997-5 

Recirculate  1969 

Portable  Heater  1938.5 

Rigid  Shelter  with  Portable  Heater  1921.5 

Continuous  Heater  1916 

Rigid  Shelter  with  Continuous  Heater  I89A 

Wind  Energy  Drive  (807 

Other  Energy  Source  1802.5 

Solar  Energy  Drive  1688 

Compressed  air/gas  Accumulator  1682 

Components  Placed  on  Vehicles  1671.5 

Helicopter  Tanker  1251 

Microwave  Energy  Drive  517 
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TABLE  5-5 


' 


1 


Pump  Scoring 

A1 ternat i ve 
Centr  i fuga  1 
Positive  Displacement 
Scrol 1 
Peristaltic 


Drive  Scoring 


Gas  Turbine 
D i ese  1 
Gasol i ne 
Electric  Motor 
Double  Gas  Turbine 


Hosing  Scoring 


Rigid  Small  Diameter 
Advanced  Small  Diameter 
Rigid 
Advanced 

Ecomonic  Small  Diameter 
Economi c 


Score 

1625 

1577.5 

875 

590 


1782.5 
1635 
1615 

1597.5 

1312.5 


1318 

13H.5 

1288 

1259.5 
119A.5 

1 144.5 


Tank  Scoring 

Rigid  13314 

Collapsible  1224.5 
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2. 


3. 


As  i result  of  this  adjustment,  systems  with  heaters 
and  shelters  score  better  than  systems  with  heaters 
and  no  shel ters . 

Due  to  MERADCOM's  concern  with  operating  costs,  we  upgraded 
the  scale  of  these  categories.  (This  particular  change  did 
not  result  in  any  changes  in  ratings.) 

Some  of  the  highest  scoring  systems  included  systems  placing 
components  on  vehicles  or  deriving  power  from  take-off  shafts 
on  the  vehicle.  In  the  initial  analysis,  these  systems  scored 
extremely  well.  However,  after  some  discussion  with  MERADCOM, 
it  was  concluded  that  the  capital  cost  for  such  a system  would 
be  prohibitively  high.  In  order  to  implement  such  a system 
every  helicopter  and  vehicle  in  military  inventory  would  need 
retrofitting,  an  extremely  expensive  proposition. 


It  is  worthwhile  to  present  some  discussion  concerning  some  systems  that 
were  outstanding  performers  but  extremely  expensive.  These  systems  in- 
cluded tankers,  dedicated  helicopters,  systems  with  components  on  the 
refueled  vehicles,  and  systems  deriving  power  from  take-off  shafts. 
MERADCOM  has  desired  in  the  course  of  this  study  to  recognize  systems 
that  were  outstanding  performers  despite  the  level  of  the  cost.  All  of 
these  systems  named  would  fall  into  this  classification.  If  the  capital 
costs  were  not  considered  in  the  scoring,  these  systems  would  have  placed 
highest  in  total  scores.  There  were,  however,  order  of  magnitude  dif- 
ferences between  the  cost  of  these  systems  and  systems  that  were  variants 
of  the  standard  baseline  system.  It  is  worth  noting  in  the  report, 
however,  how  well  these  systems  scored  in  other  categories. 

In  formulating  the  final  candidates  for  analysis,  a separate  analysis 
was  necessary  to  examine  the  issue  of  pumps  and  hosing.  The  first  phase 
evaluation  analyzed  systems  and  components  as  separate  scoring  problems. 
In  other  words,  it  was  assumed  that  the  interaction  of  component  based 
> systems  was  independent.  Since  this  was  not  the  case,  it  was  necessary 

to  look  at  the  combinations  of  the  components  and  systems  to  determine 
the  feasibility.  To  some  extent  this  analysis  could  be  performed  in  the 
final  phase  of  the  evaluation  but  some  issues  had  to  be  resolved  prior 
to  the  formulation  of  the  final  candidates.  The  most  important  of  these 
issues  was  the  compatibility  of  hoses  and  pumps.  In  particular,  because 
hosing  systems  utilizing  small  diameters  and  high  pressure  scored  very 
well,  it  was  necessary  to  examine  the  issue  of  which  combination  pump 
and  hosing  type  would  be  the  most  desirable. 


The  following  observations  were  made  concerning  the  use  of  smaller  diameter 
pipes  and  hosing. 


For  the  AFSSP: 


(a) 


A reduction  in  pipe  size  from  6"  to  V would  raise  the 
pressure  from  100  psi  to  around  600  psi.  Further 
reduction  of  pipe  size  except  for  small  sections  would 
be  impractical. 


(b) 


The  higher  pressure  of  this  range  of  power  level  would 
probably  require  a piston  type  or  positive  displacement 
pump.  This  would  weigh  somewhere  in  the  range  of  1500 
lbs. or  more.  For  comparison  the  centrifugal  pump 
required  to  produce  600  GPM  at  100  psi  weighs  about  230 
lbs.  A gear  pump  also  capable  of  100  psi  would  weigh 
about  800  lbs. 


(c) 


The  cost  of  the  centrifugal  pump  is  $1200  to  $1500.  The 
comparative  positive  displacement  pumps  would  cost  much 


more. 


For  the  AFARE: 


(a)  A reduction  in  pipe  size  from  2"  to  1"  results  in  an 
in  pressure  from  150  psi  to  several  thousand. 


i ncrease 


(b) 


If  such  a change  were  feasible,  the  system  would  require 
a piston  pump  with  a weight  of  1150  lbs.  for  200  GPM 
compared  with  the  centrifugal  pump  which  weighs  230  lbs. 


(c) 


A positive  displacement  pump  would  again  be  extremely 
expensive.  For  the  envisioned  system,  therefore,  hoses 
less  than  2"  in  diameter  are  impractical. 


If  pipe  and  hosing  were  not  decreased  in  size,  and  system  pressure  were 
not  increased,  the  following  comparisons  would  apply: 


600  GPM  g 100  psi  200  GPM  g 1 50  psi 


Centr i f uga 1 

230 

1 bs . 

230 

1 bs . 

Gear 

Approx.  800 

1 bs . 

190 

1 bs. 

Piston 

Approx. 1 500 

lbs. 

600 

1 bs . 
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91* 


r 


JKO* 


A 


Since  the  positive  d i '-placement  pumps  are  more  expensive,  more  subject 
to  wear  and  failure,  and  larger,  then,  as  borne  out  by  the  scoring,  centri- 
fugal pumps  would  be  superior  and  would  be  the  choice  for  all  systems  in 
the  final  evaluation. 

In  view  of  the  limitations  of  small  diameter  hosing  it  became  apparent 
that  hosing  would  become  an  extremely  critical  issue  in  the  final  costing 
and  evaluation.  As  noted  previously,  additional  research  into  elasto- 
merics  became  necessary.  In  the  final  evaluation,  of  course,  various 
types  of  advanced  state-of-the-art  hosing  were  considered.  (It  should 
also  be  noted  that  the  design  diameter  for  AFARE  hosing,  two  inches, 
is  not  extremely  large.) 

The  final  step  in  the  Phase  1 analysis  was  a subjective  evaluation  of 
the  scores.  These  evaluations  included  the  following  observations, 
some  of  which  have  been  noted  above. 

1.  Aside  from  capital  costs,  gas  turbines  were  clearly  a 
superior  drive. 

2.  Centrifugal  pumps  were  judged  to  be  the  most  desirable. 

3.  As  noted  above,  high  pressure  hosing  was  ruled  out  because 
of  the  pump  implications.  This  left  various  types  of 
advanced  hosing  and  rigid  pipes  with  flexible  connections 
as  a 1 ternat i ves . 

4.  Both  collapsible  and  non-col  laps ible  tanks  remain  possible 
choices.  Although  collapsible  tanks  would  be  highly  prefer- 
able, there  is  clearly  an  issue  of  development  risk. 

With  regard  to  the  fourth  conclusion,  the  collapsible  tanks  remain 
another  serious  development  problem  for  the  baseline  systems.  Collapsible 
tanks  may  not  be  a feasible  goal  for  the  design  systems.  Together  with 
hosing,  the  development  issue  for  collapsible  tank  points  out  the  re- 
maining problems  in  el astomer i cs . Additional  research  on  this  subject 
is  presented  in  Chapter  6. 

Because  of  the  dominance  of  gas  turbine  over  diesel  engines,  we  examined 
cost  issues  orior  to  posing  the  final  Phase  II  alternative.  A cost  and 
weight  comparison  was  performed  as  follows: 


Cost  ($) 

Size,  ln^ 

We i ght (lbs.) 

20  HP  Gas  Turbine 

24K 

9K 

89  (Without  gearbox) 

20  HP  Diesel 

2K-3K 

18K 

300  - 400 

50  HP  Gas  Turbine 

25K 

20K 

370  (With  gearbox) 

200  (Without  gearbox) 

50  HP  Diesel 

5K 

40K 

1000 

The  engine  issue  was  also  affected  by  the  independent  issue  from  analyzing 
components  and  systems  separately.  Even  though  gas  turbines  were  superior 
to  diesel*  in  several  scoring  categories,  we  had  not  answered  in  Phase  1 
whether  a Jiesel  engine  would  be  sufficient  to  meet  the  design  criteria 
within  the  baseline  systems  posed  in  Phase  1.  In  other  words,  we  were 
not  sure  whether  the  gas  turbine  would  be  any  superior  to  diesel  within 
the  systems  posed  as  alternatives.  Since  the  diesel  engine  was  so  much 
more  economical,  we  were  obligated  to  incorporate  the  diesel  engine 
within  some  of  the  Phase  II  alternatives. 

With  regard  to  particular  base  alternatives,  we  simply  chose  the  highest 
scoring  alternatives  for  both  AFARE  and  AFSSP.  In  restricting  ourselves 
to  one  type  of  shelter,  we  noted  that  there  was  very  little  difference 
in  scoring  between  inflatable  and  rigid  shelters.  Our  conclusion  was 
that  the  best  shelter  concept  would  be  some  type  of  shelter  that  could 
be  readily  dismantled  and  constructed,  weigh  very  little,  and  occupy 
very  little  space  when  transported.  However,  we  would  consider  a shelter 
large  enough  to  house  an  individual,  as  this  is  in  line  with  the  inflatable 
shelter  concept.  We  cut  off  heaters  without  shelters  as  they  are  dominated 
by  heaters  with  shelters.  As  a result  of  these  considerations  we  arrived 
at  a final  set  of  alternatives. 

In  examining  the  final  alternatives  the  other  outstanding  research  issue 
in  addition  to  elastomerics  was  batteries.  Several  of  the  final  alter- 
natives would  need  some  type  of  advanced  battery  and  the  availability 
of  these  batteries  were  extremely  important  in  the  Phase  II  analysis. 

The  discussion  of  the  research  involved  in  this  issue  is  also  presented 
in  Chapter  6. 

As  the  Phase  1 analysis  was  being  completed  it  was  noted  that  the  standard 
baseline  system  had  a high  degree  of  potential.  it  was  flexible  and 
transportable.  The  gas  turbine  engine  was  an  excellent  performer,  and, 
aside  from  elastomerics,  the  only  real  issue  was  in  starting.  Use  of 
either  advanced  battery  or  a compressed  gas  and  magneto  system  would  be 
sufficient.  The  overall  design  might  not  be  as  reliable  as  others  such 
as  the  continuously  recirculating  system.  For  this  reason,  we  posed  an 
additional  alternative  which  was  the  standard  baseline  system  with  both 
a compressed  gas/magneto  starting  system  and  an  advanced  battery.  The 
compressed  gas  would  drive  an  air  motor  to  start  the  gas  turbine  engine. 

The  redundancy  in  starting  might  increase  the  reliability  to  a point 
where  such  a system  dominated  all  others. 

Thus,  the  final  alternatives  (for  both  AFARE  and  AFSSP)  chosen  for  Phase 
I I ana lys is  i nc  1 uded : 

I.  A system  with  some  type  of  collapsible  shelter  utilizing 
a small  portable  heater  whenever  the  system  is  to  be  placed 
in  operation.  The  system  utilizes  a diesel  drive  and  a 
centrifugal  pump.  (All  alternatives  would  utilize  a centri- 
fugal pump.)  The  system  would  utilhe  an  advanced  battery 
and  therefore  there  was  no  advantage  to  using  a gas  turbine 
engine  rather  than  a diesel  engine. 
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2.  A system  with  some  type  of  collapsible  shelter  and  either 
an  intermittent  or  continuous  heater.  This  system  would 
utilize  a diesel  engine  and  would  not  require  advanced 
batteries . 

3.  A continuously  recirculating  system  with  a diesel  engine. 
Because  of  the  high  fuel  consumption  by  a gas  turbine 
engine  at  idle,  it  was  judged  that  this  system  would 
more  appropriately  use  a diesel  engine. 

A.  (This  alternative  was  appropriate  only  for  AFSSP.)  A 

system  with  some  type  of  collapsible  shelter  and  a heating 
system  based  on  the  exhaust  of  the  vehicles  being  refueled. 

This  system  would  require  an  advanced  battery  and  would 
thus  be  appropriate  (as  System  1 would  be)  only  for  a diesel 
eng ine. 

5.  A system  similar  to  System  No,  2 but  utilizing  a gas  turbine 
engine.  Because  of  the  shelter,  the  system  would  not  need 
advanced  batteries. 

6.  The  standard  baseline  system  as  suggested  by  MERADCOM.  This 
system  would  require  some  type  of  advanced  battery.  The 
system  would  utilize  a gas  turbine  engine.  A diesel  engine 
would  not  be  appropriate  because  of  cold  weather  starting 
problems. 

7.  The  compressed  gas/magneto  system  with  a gas  turbine  engine. 

The  compressed  gas  start  would  replace  the  batteries  in  System 
No.  6.  An  example  of  a suitable  compressed  gas  would  be 
bottled  dry  nitrogen  compressed  gas. 

8.  The  standard  baseline  system  with  both  a compressed  gas/ 
magneto  system  and  an  advanced  battery  for  redundacy  in 
starting. 

In  addition  to  the  above  base  system,  we  posed  the  following  variations: 

1.  Either  collapsible  or  rigid  tanks,  and 

2.  Some  type  of  state-of-the-art  flexible  hosing  or  rigid  tubes 
with  flexible  connections.  Very  small  diameters  would  be 
used  only  at  the  nozzle  ends  of  the  system. 
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CHAPTER  6 - FINAL  STATE-OF-THE-ART  RESEARCH 


6.1  INTRODUCTION 

In  evaluating  the  final  list  of  technical  alternatives,  development  risk 
plays  an  important  role.  In  the  first  phase  evaluation,  some  of  the 
concepts  requiring  advanced  development  were  eliminated.  These  included, 
for  example,  the  accumulating  compressor  and  the  atomic  and  wind-powered 
advanced  energy  storage  devices.  However,  many  of  the  remaining  systems 
require  advanced  development.  As  an  example,  the  sheltered  systems 
require  some  development  on  shelter  design.  Existing  shelters  included 
both  inflatable  shelters  as  well  as  rigid  shelters.  A second  area  is 
the  development  of  compressed  gas  starters.  The  technology  has  been 
developed,  but  some  additional  development  is  required  for  arctic  fuel 
resupply  systems. 

Of  the  various  areas  for  possible  development,  there  are  two  areas  of 
particular  interest.  For  both  of  these  areas,  the  current  state-of-the- 
art  indicates  that  appropriate  products  can  be  developed  for  the  AFARE 
and  AFSSP  systems  but,  in  both  cases  the  technology  is  new  and  expensive. 

The  two  areas  are  those  of  advanced  batteries  (our  name  given  to  recently 
developed  batteries  which  essentially  function  normally  at  very  low 
temperatures)  capable  of  starting  gas  turbine  engines  at  -60°F  and 
elastomerics  for  both  flexible  hosing  and  collapsible  fuel  tanks.  Because 
of  the  importance  of  these  technologies  in  the  performance  of  the  AFARE 
and  AFSSP  systems,  sections  on  the  state-of-the-art  for  the  two  areas 
are  presented  in  the  remainder  of  this  chapter.  These  two  areas,  advanced 
batteries  and  elastomerics  remain  as  the  critical  areas  of  future  devel- 
opment in  the  procurement  of  the  final  AFARE  and  AFSSP  systems. 

6.2  ADVANCED  BATTERIES 

The  most  important  characteristic  of  a battery  for  engine  starting  is  a 
capability  for  high  rate  discharge.  This  capability  for  different  types 
of  batteries  is  conveniently  demonstrated  in  the  attached  plot  of  specific 
power  versus  specific  energy  shown  in  Figure  6-1.  For  very  high  rate 
discharge,  using  a 0.1  hour  rate  as  a guideline,  only  four  systems  qualify-- 
lead-acid,  n ickel -cadmium,  nickel-zinc,  and  I i th i urn- i norgan ic  (thionyl 
chloride).  Of  these  the  first  three  are  rechargeable,  the  lithium  battery 
is  a primary  system.  Also  the  nickel-zinc  system,  though  available  for 
several  years,  is  not  an  established  technology  and  probably  should 
not  be  considered  in  an  application  where  high  reliability  is  important. 
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The  behavior  of  lead-acid  batteries  as  a function  of  temperature  is  given 
in  Figure  6-2.  More  specific  information  on  the  power  capabilities  at 
very  low  temperatures  would  be  dependent  on  cell  design  and  configuration. 
One  point  that  is  apparent  from  Figure  6-2,  however,  is  that  the  lead- 
acid  battery  would  not  meet  the  requirements  of  engine  starting  at  -^0°F 
or  below.  The  reason  for  this  is  the  rapid  increase  in  viscosity  of  the 
electrolyte,  (Set  Figure  6-3)  which  impairs  its  circulation  in  the  pore 
structure  of  the  places.  This  results  in  local  freezing  due  to  dilution 
of  the  electrolyte  on  discharge.  On  this  basis  a lead-acid  battery  is 
not  suitable  for  this  application  unless  some  form  of  heating  were  in- 
corporated in  the  design.  (Note  that  there  is  capacity  available  at 
-60eF  at  a low  rate.) 

The  n ickel -cadmi urn  battery  is  recognized  as  one  of  the  best  systems  for 
low  temperature  use,  though  very  high  rate  operation  at  -606F  is  reaching 
to  the  limit  of  the  capability  of  the  system  and  does  require  a more 
concentrated  electrolyte  than  normal.  The  available  capacity  at  normal 
discharge  and  at  the  0.1  hour  rate  are  shown  in  Figures  6-^  and  6-5-  At 
the  0.1  hour  rate  the  power  density  is  approximately  20  m W/cm2.  Some 
"bootstrapp ing"  is  possible  in  n i ckel -cadmi urn  cells  in  which  high  rate 
discharge  raises  the  internal  temperature  which  in  turn  improves  perform- 
ance. The  magnitude  of  this  effect  is  dependent  on  cell  design  and  duty 
cycle.  The  thermal  conductivity  and  thermal  mass  of  the  cell  are  more 
favorable  for  nickel-cadmium  than  they  are  for  lead-acid. 

L i thium-thiony 1 chloride  primary  cells  are  chosen  for  low  temperature 
duties  mainly  because  they  can  deliver  ^0%  of  their  normal  temperature 
capacity  at  -60°F  (See  Figure  6-6).  Their  peak  power  density,  however, 
falls  from  250  m W/cm2  at  -60°F.  This  means  some  20,000  cm2  0f  electrode 
surface  to  deliver  100A  which  is  not  beyond  current  technology  in  fairly 
large  cells.  For  example,  Altus  Corporation  makes  500  Ahr  cells  that 
can  be  discharged  at  100A,  and  if  100  Ahr  capacity  is  required  at  -60°F 
then  cells  as  large  as  500  Ahr  nominal  might  be  required.  However,  this 
performance  is  not  really  superior  to  that  of  the  nickel-cadmium  system 
which  offers  the  advantages  of  a secondary  battery.  Costs  for  the  two 
systems  are  also  comparable.  Batteries  are  constructed  with  inter-cell 
heating  pads.  Each  is  a custom  design  and  their  effectiveness  depends 
on  frequency  of  use  of  the  battery,  time  for  recharge,  duty  cycle,  extent 
of  insulation,  etc. 

From  our  examination  it  would  appear  that  a custom  designated  nickel- 
cadmium  battery  would  be  the  most  appropriate  power  pack  for  operation 
at  -60°F  and  that  appropriate  batteries  can  be  developed. 

6.3  ELASTOMERICS 

The  results  of  Arthur  D.  Little's  search  for  information  on  the  low  temper- 
ature properties  of  e'astomers  re  ea'ed  that  there  is  apparently  little 
information  available  on  the  subject  of  elastomers  and  rubbers  useful 
for  fuel  deli.ery  systems  under  arctic  conditions.  What  information  is 
available  points  out  that  elastomers  that  will  function  at  extremely  low 
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FICURE  6-A 


CAPACITY  OF  Ni-Cd  POCKET  CELLS  AT  DIFFERENT  TEMPERATURES  AND 
DENSITIES  OF  ELECTROLYTE.  End  VOLTAGES:  AT  -AO  and  -30°C. 
0.90  V:  at  20°C  = 0.95.  V:  at  0 and  +25°C.  1.00  V.  Curve 
a.  density  = 1.30  g/ml : Curve  b.  density  ■ 1.19  g/m 1 


FIGURE  6-5 

CAPACITY  OF  HIGH-RATE  Ni-Cd  CELLS  AT  DIFFERENT  TEMPERATURES  AND 
LOADS  TO  A FINAL  VOLTAGE  OF  0.80  V.  DENSITY  OF  THE  ELECTROLYTE 
1.21  g/ml.  DISCHARGE  RATES.  CURVE  a.  0.1  xCA:  DISCHARGE  RATES. 
CURVE  b.  0.25  CA:  DISCHARGE  RATES.  CURVE  c.  0.5  CA:  DISCHARGE 
RATES.  CURVE  d.  1.0  x CA:  DISCHARGE  RATES  CURVE  e.  2.0XCA.C  - 
RATED  CAPACITY 
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FIGURE  6-6 
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DISCHARGE  OF  L 1/SOCL2: 1 . 8 M LIALCL//C  CELLS 
AT  VARIOUS  TEMPERATURES 
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temperatures  either  do  not  possess  adequate  physical  strengths  or  do  not 
possess  adequate  fuel  resistance  for  long  term  use  in  the  intended  ap- 
plication. The  results  of  Arthur  D.  Little's  research  and  possible 
solutions  for  this  application  follow.  Some  pi  ducts  are  available  now 
(or  may  become  available  shortly)  that  may  he  appropriate  for  the  pur- 
poses of  this  mission. 

Information  on  the  low  temperature  properties  and  chemical  resistance  of 
elastomeric  materials  have  been  summarized  in  Fiqures  6*7  and  6-8.  A 
listing  of  other  physical  and  mechanical  properties  of  several  elastomers 
is  shown  in  Figure  6-9.  The  following  is  a discussion  of  some  properties 
of  elastomers  to  be  considered  and  a listing  of  some  potentially  useful 
elastomers  for  materials  in  the  arctic. 

• Stiffness  of  Elastomers  at  -60°F 


When  rubbers  are  exposed  to  low  temperatures,  two  major 
effects  occur,  crystallization  and  transition  into  a glassy 
svate.  Both  effects  lead  to  a large  increase  in  stiffness 
and  a decrease  in  the  usefulness  of  the  rubber  at  the  tempera- 
ture at  which  these  effects  occur.  Crysta 1 lat ion  is  a slow 
process  and  is  dependent  on  the  polymer  chain  structure.  The 
glass  transition  temperature  (T  ) is  rate  dependent.  Under 
rapid  cycling  or  cooling  the  Tg  can  be  raised  considerably. 
The  Tg  is  also  dependent  on  the  polymer  chain  structure, 
compound  composition  and  the  incorporation  of  plasticizers. 

On  prolonged  storage  at  low  temperatures  above  the  T or  upon 
slow  cooling,  certain  rubbery  materials  stiffen  due  ^ to 
crystal  1 i zat ion. 


A useful  method  for  determing  the  useable  low  temperature 
limits  of  an  elastomeric  material  is  the  low  temperature 
stiffening  point  as  measured  by  ASTM  D 1053.  This  test 
method  measures  the  stiffness  of  a rubber  strip  upon  the 
application  of  an  angular  torque.  In  this  manner  the  torsional 
modulus  versus  temperature  is  determined.  For  most  elastomers,  a 
point  is  reached  where  the  modulus  rises  rapidly  with  decreases  In 
temperature.  A practical  limit  has  been  defined  as  the  point  where 
the  modulus  reaches  about  70  kM/sq.  m (10,000  ps i ) or  the  T 
value,  or  100  kM/sq.  m ( 1 A , 500  psi)  the  T ^ value  (where 

kM  = 100,000  kilograms).  An  alternative  approach  is  to 
define  the  low  temperature  flexibility  limit  as  the  point 
where  the  torsional  modulus  reaches  100  times  the  room  tempera- 
ture value  or  T^  value. 

These  values  for  a number  of  elastomeric  materials  whose  T 
is  greater  than  about  -i*0°F  are  shown  in  Figure  6-7  in 
descending  order.  From  this  data,  the  most  useful  elastomers 
in  terms  of  low  temperature  stiffness  at  -60°F  or  lower  are 
the  first  seven,  with  the  best  being  the  styrene,  butadiene, 
block  copolymer,  thermoplastic,  elastomers  and  the  silicone  and 
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LOW  TEMPERATURE  STIFFNESS  OF  ELASTOMERS 


Elastomer 

-40°F 

-76°F 

T 

70 

°F 

T 

100 

°F 

tr 

°F 

Trade  Names 

Thermoplastic 

- 

171 

(-98°F) 

-110 

-112 

-99 

Kraton 

Silicone 

- 

171 

-81 

-85 

-81 

Silastic 

Fluorosillcone 

- 

711 

-80 

-81 

-87 

Silastic 

Polyether  Urethane 

- 

1280 

-74 

-78 

-81 

Adiprene 

Butadiene 

- 

2133 

-71 

-74 

-74 

Diene 

Polyester 

1792 

3001 

- 

- 

- 

Hytrel 

Chlorobutyl 

213 

3840 

-63 

-67 

-60 

Butyl 

Butyl 

241 

7965 

-60 

-62 

-60 

Butyl 

EPDM 

213 

8676 

-60 

-62 

-62 

Nordel 

Natural  Rubber 

171 

8534 

-62 

-63 

-69 

- 

Isoprene 

270 

12800 

-60 

-62 

-65 

- 

Polysulfide 

455 

21334 

-51 

-53 

-58 

Thiokol  LP 

SBR 

1422 

- 

-36 

-38 

-78 

- 

Chloroprene 

2560 

- 

-35 

-36 

-80 

Neoprene 

Nitroso 

1707 

_ 

-36 

-40 

-35 

— 

Notes : 

T7q  - 70  kM/sq  m (10,000  psi) 

T10q  -100  kM/sq  m (14,500  psi) 

Tr  -100  times  room  temperature  modulus 
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CHEMICAL  RESISTANCE  OF  LOW  TEMPERATURE  ELASTOMER 


Minimum  Continuous  Chemical  Resistance 

Elastomers  Use  Temperature  °F  Aliphatics  Aromatics  Synlubes 


Silicone 

Polybutadiene 

Fluorosilicone 

Propylene  Oxide 

Epichlorohydrin 

Styrene  Butadiene 

EPDM 

Natural 

Thermoplastic 

Polyurethane 

Isoprene 

Nitrile 

Chloroprene 

Chlorinated  PE 

Polynorbonene 

Olef inic 

Copolyetherester 


4 

4 


-178 

P-E 

P-E 

P-E 

-150 

P 

P 

P-F 

-90 

E 

E 

E 

-80 

F 

P-F 

F-G 

-80 

E 

VG 

F-G 

-75 

P 

P 

P 

-70 

P-G 

P 

F-G 

-70 

F 

P 

P-F 

-70 

P 

P 

- 

-65 

E 

F-G 

P-G 

-60 

P 

P 

P-F 

-60 

E 

G 

F-G 

-60 

G 

F 

P 

-60 

E 

P 

P 

-60 

P 

P 

G 

-60 

F-G 

P 

G 

-60 

G-E 

E 

E 
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f luoros il icone  rubbers.  Other  potentially  useful  materials 
(down  to  -60°F)  include  the  urethane,  butadiene,  polyester, 
chloro  butyl,  butyl,  EPDM,  and  natural  and  synthetic  natural 
rubbers.  The  remaining  materials  will  be  considerably  stiffen 
under  low  temperature  use  conditions. 

Chemical  Resistance  of  Rubber  Materials 


A number  of  references  were  found  that  list  the  chemical  re- 
sistance of  various  elastomers  to  aliphatic,  aromatic  and 
synthetic  lubricant  materials.  No  data  was  found  for  the 
chemical  resistance  of  the  elastomers  to  these  materials  at 
low  temperatures  but  generally  the  reaction  is  the  same, 
only  at  greatly  reduced  rates.  Figure  6-8  presents  the 
general  chemical  resistance  characteristics  of  several  of 
the  useful  low  temperature  elastomeric  materials.  Fuels 
are  considered  to  be  aliphatic  in  chemical  nature. 

On  the  basis  of  fuel  resistance,  the  f 1 uoros i 1 icone  and 
epichlorohydr i n rubbers  should  receive  prime  consideration. 
Other  possibly  acceptable  materials  include  the  silicone 
polyurethane,  EPDM  and  nitrile  rubbers. 

Other  Rubber  Materials  for  Consideration 


Some  other  more  exotic  rubber  materials  do  not  appear  in  either 
of  Figures  6-7  and  6-8  above.  This  may  be  because  they  are 
not  in  general  use  (because  of  high  cost)  or  were  not  available 
for  testing  at  the  time  of  publication  of  the  reference  mater- 
ial from  which  these  tables  were  formulated. 

Some  comments  about  these  materials  and  others  of  interest 
to  MERADCOM  are  presented  below. 

• Epichlorohydr in  Rubber 

Epichlorohydrin  elastomers  are  noted  for  their  resistance 
to  fuel,  weathering,  and  heat,  and  their  low  temperature 
flexibility.  There  are  two  types  of  products  produced  by 
the  two  manufacturers.  B.F.  Goodrich  produces  Hydrin  100 
and  Hydrin  200,  while  Hercules  produces  Herchlor  H and 
Herchlor  C.  In  both  cases  the  latter  designation  is  the 
copolymer  with  ethylene  oxide,  which  possess  the  better 
low  temperature  properties  down  to  -140°F.  However,  the 
homopolymer  has  the  better  oil  and  fuel  resistance.  The 
copolymers  can  be  compounded  to  retain  flexibility  as  low 
as  -65°F. 
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• Polysulfide  Rubber 


Polysulfide  rubbers,  developed  by  Thiokol  Chemical 
Corporation,  are  generally  considered  excellent  for 
solvent  and  fuel  resistance.  They  can  be  formulated 
to  give  a T of  -10A°F,  but  are  normally  found  in 
the  — 1 1 ° F ^ to  - ^5° F range. 

• Thermoplastic  Elastomers 

As  noted  in  Figure  6-7  the  thermoplastic  elastomers  pro- 
duced by  Shell  Chemical  and  Phillips  Petroleum  under  the 
trade  name  Kraton  have  the  lowest  stiffness  temperature 
or  torsional  modulus  of  any  of  the  elastomeric  materials. 
However,  their  fuel  resistance  and  physical  strength  proper- 
ties are  not  very  good  in  comparison  to  other  materials 
noted  in  this  report. 

• FI uoros i 1 icone  Elastomers 


The  f 1 uoros i 1 icone  elastomers  provide  the  best  oil  and 
fuel  resistance  along  with  excellent  low  temperature 
flexibility.  The  only  drawback  with  their  use  is  poor 
physical  strength  properties.  They  might  be  useful  as 
an  inner  fuel  resistant  liner  combined  with  an  outer 
casing  of  higher  physical  property  attributes  such  as  the 
urethane  or  butadiene  rubber  materials. 

• Carboxy  Nitroso  Rubber 

Carboxy  Nitroso  rubber  (CNR)  is  a fluorocarbon  elastomer 
developed  by  Thiokol  Corporation  for  aerospace  applications. 
Originally  developed  for  resistance  to  strong  oxidizing 
fuels  and  for  flame  resistance  in  pure  oxygen,  this  material 
has  excellent  oil  and  fuel  resistance  and  unusually  good 
low  temperature  flexibility  to  -38°F  unplasticized  and  down 
to  -5*»°F  with  plasticizers.  In  thin  coatings  over  fiber- 
glass, CNR  shows  flexibility  down  to  liquid  Nitrogen 
temperature. 

• Po 1 yf 1 uorophosphaz i ne  (Phosphoni tri 1 ic  FI uoroelastomer)  Rubber 

Polyf 1 uorophosphaz ine,  an  "inorganic  rubber"  is  being  devel- 
oped by  Firestone  Rubber  Company.  Mixing  alkoxy  substituents 
into  the  material  gives  elastomers  with  low  glass  transition 
temperatures.  Fluoro  alkoxy  substituents  provide  good 
resistance  to  petroleum  fluids  while  offering  T 's  down  to 
-90°F.  Polyf I uoroa 1 koxyphosphazene  (PFAP)  can  ^be  compounded 
to  be  serviceable  down  to  ~70°F  with  greater  physical  proper- 
ties than  the  only  other  oi 1 -res i stant  low  temperature 
elastomer,  fl uoros i 1 icone  rubber. 
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One  specific  type  of  elastomer  under  the  general  class  of 
polyf luorophosphaz ine  rubbers  of  considerable  promise  is 
phosphon i t r i 1 i c f luoroelastomer  (PNF).  PNF  has  been  worked 
with  to  try  to  develop  compounds  which  could  be  fabricated 
into  collapsible  hoses.  Several  formulations  looked  feasible, 
however,  the  good  low  temperature  serviceability  constraint 
severely  limited  the  number  of  reinforced  agents.  Only 
relatively  large  particle  size  black  such  as  FEF  would  provide 
good  workability  and  low  temperature  flexibility. 

Using  an  FEF  black  compound,  it  was  demonstrated  that  large 
lengths  of  both  collapsible  and  suction  hoses  could  be  manu- 
factured. These  hoses  showed  good  flexibility  at  -70°F.  Further- 
more, the  hoses  possessed  very  good  dimensional  stability  and 
physical  strength.  Rather  low  tensile  and  tear  strengths  were 
the  major  deficiencies  of  these  hoses.  Low  adhesion  of  tube 
and  cover  to  inner  plies  were  caused  primarily  by  the  low  tear 
strength. 

All  trial  hoses  showed  good  fuel  resistance.  The  final  large 
lengths  of  hose  showed  adequate  volume  swells  but  high  levels 
of  residue  from  the  existent  gum  test.  It  appeared  that  consid- 
erable amounts  of  fuel  components  were  present  in  the  residue 
along  with  some  low  molecular  weight  PNF.  It  can  be  concluded 
that  modified  PNF  can  be  used  for  arctic  fuel  hose  with  utility 
at  -70°F  and  will  therefore  meet  the  temperature  requirements 
of  this  study.  Further  studies  are  needed  toward  improving 
tensile  and  tear  strengths  and  eliminating  any  low  molecular 
weight  material  in  the  polymer. 

• Summary  of  Elastomeric  Considerations 

The  general  physical,  mechanical  and  chemical  resistance  proper- 
ties of  selected  elastomeric  materials  are  presented  in  Figures 
6*9  in  descending  low  temperature  applicability.  A brief  des- 
cription of  the  selected  elastomeric  classes  in  Figure  6-9  is 
provided  in  Appendix  I4. 

Inasmuch  as  some  elastomers  at  low  temperatures  possess  excellent 
strength  but  poor  fuel  resistance  and  others  have  the  opposite 
qualities,  it  is  conceivable  that  combinations  of  materials  could 
provide  the  desired  properties.  The  selection  of  highly  fuel 
resistant  elastomers  as  an  inner  liner  backed  up  by  stronger, 
flexible  elastomers  for  the  outer  casing  of  fuel  lines  should 
work.  We  have  been  unable  to  discover  any  references  combining 
materials  in  this  manner.  Further  work  with  phosphon 1 tri 1 1c 
f luoroelastomers  may  produce  a suitable  material  also. 

With  regard  to  current  off-the-shelf  products,  Firestone  anti- 
pates marketing  PNF.  The  anticipated  cost  is  $1*0  per  pound. 
Goodyear's  Flexwing  (whose  composition  is  not  presently  known  to  us) 
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is  $15  per  foot  for  2 inch  diameter  hose  and  is  currently 
being  used  in  the  arctic.  Both  of  these  products  can  be 
used,  but  have  certain  drawbacks  such  as  high  cost  and 
weight  and  in  the  case  of  Flexwing  no  col  laps i b i 1 i ty . It 
is  anticipated  that  a suitable  development  program  could 
improve  upon  these.  Both  of  these  are  considered  as 
examples  in  the  final  evaluation. 

The  other  elastomeric  issue  is  collapsible  fuel  tanks. 
Commercial  research  on  suitable  materials  for  fabrication 
of  collapsible  tanks  and  drums  for  fuel  storage  at  -60°F 
appears  to  be  lacking.  Current  materials  and  products  are 
unsuitable  for  arctic  use  as  intended  by  the  Army  and  further 
research  is  required.  PNF  may  be  a possibility  though  its 
tear  strength  (thus  adherence  to  fabric  qualities)  needs 
i mprovement . 

The  problems  of  satisfactory  materials  for  use  in  seals, 
gaskets,  and  diaphragms  may  be  less  severe.  It  appears 
that  teflon  and  PNF  may  be  good  materials  solutions  for 
such  appl icat ion. 


Ill 


CHAPTER  7 - FINAL  EVALUATION  OF  ALTERNATIVES 


7.1  INTRODUCTION 

This  chapter  presents  the  final  evaluation  of  arctic  fuel  resupply  alter- 
natives. The  form  of  the  chapter  will  emphasize  the  method  of  evaluation 
and  reserve  the  presentation  of  the  recommendations  to  the  last  section 
of  this  chapter.  Actual  policy  followed  by  the  Army  in  implementing 
arctic  fuel  resupply  systems  depends  somewhat  on  a final  interpretation 
of  the  results  presented  here.  For  example,  the  recommendations  depend 
on  the  sensitivity  of  MERADCOM  to  cost.  The  method  of  evaluation  is 
therefore  presented  before  the  final  recommendation. 

The  method  of  evaluation  is  to  collapse  the  numerical  ratings  on  various 
attributes  to  a numerical  summary  vector  consisting  of  four  different 
values.  These  values  comprise: 

• Performance  Index 

• Size  and  Weight  Index 

• An  Index  of  Development  Risk 

• Life  Cyc 1 e Cost 

Because  each  of  these  attributes  are  in  themselves  extremely  important, 
and  because  it  is  difficult  to  perform  a quantitative  trade-off  among 
these  four  attributes,  we  chose  to  qualitatively  evaluating  each  system 
on  the  merit  of  the  four  values  for  the  four  attributes  above.  In  this 
manner,  the  performance  can  be  assessed  without  regard  for  other  issues. 

As  for  hosing  we  compared  various  state-of-the-art  materials  with  rigid 
pipe.  Certain  assumptions  were  made  on  how  development  might  improve 
such  products  as  Goodyear  Flexwing  in  areas  such  as  weight. 

7.2  STEPS  IN  ANALYSIS 


The  final  evaluation  was  performed  in  three  separate  steps.  In  order 
to  more  intelligently  make  the  final  evaluation,  we  reduced  the  final 
attribute  list  from  28  to  11.  Thus,  the  first  step  was  a reduction  of 
attribute  values  to  the  smaller  list.  This  reduction  was  performed  by 
combining  attributes  and  eliminating  attributes  in  the  case  where  all 
the  ratings  were  the  same.  The  following  attributes  were  eliminated  as 
there  were  no  significant  differences  with  respect  to  the  attributes 
between  the  competing  systems  (although  there  might  have  been  differences 
when  all  systems  were  considered  in  Phase  1). 


• Off-loading  Speed 

• Lifetime 

• Implementation  Probability  Using  Current  Technology 

• Security 

• Vulnerabi 1 i ty 

• Environmental  Compatibility 

In  addition,  the  following  consolidations  were  formed: 

A.  -60°F  and  -20°F  reliability  were  combined  to  a single 
reliability  i ndex. 

B.  Probability  of  developing  components,  probability  of 
integrating  system,  and  dependence  on  high  cost  materials 
were  all  combined  into  a single  development  risk  attribute. 

C.  Procurement  cost,  development  cost,  fuel  cost,  manpower 
cost,  and  other  operating  costs  were  combined  into  a single 
life  cycle  cost  numerical  value. 

D.  Set-up  and  dismantling  time  and  rough  terrain  performance 
were  combined  into  a single  attribute. 

E.  Dependence  of  special  tools  and  skills  and  ease  of  operation 
were  combined  into  a single  attribute. 

F.  Maintenance  time  and  frequency  were  combined  into  a single 
attribute. 

Thus,  the  final  list  of  attributes  included 

• Response  capability 

• Rel lability 

• Fue I Flexibility 

• Development  risks 

• Life  cycle  cost 

• Size 

• Weight 

• Terrain  performance  and  set-up  and  dismantling  time 

• Dependence  on  special  tools  and  skills  and  ease  of  operation 

• Ability  to  stand  alone 

• Safety 

• Maintenance  time  and  frequency 

In  the  second  step  of  the  analysis  all  of  the  revised  attributes  were 
evaluated  and  where  possible  actual  values  were  used  in  lieu  of  a relative 
index.  Those  attributes  evaluated  by  actual  values  included  response 
capability  (minutes),  life  cycle  cost  (thousands  of  dollars  over  a 10 
year  period),  size  (pounds),  and  weight  (cubic  feet). 
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In  assigning  qualitative  ratings  to  the  various  performance  attributes, 
it  was  noted  that  there  were  often  only  minor  differences  in  the  competing 
systems.  The  final  evaluation  was  designed  to  identify  all  differences 
and  hence,  the  rating  scales  for  each  attribute  were  often  expanded  to 
reflect  this.  An  example  of  this  expansion  was  for  reliability.  In  the 
first  phase  of  the  analysis  there  was  a wide  range  of  reliability.  All 
of  the  systems  in  the  second  phase  of  evaluation,  however,  were  reliable 
with  relatively  small  differences.  The  scale  was  therefore  expanded  to 
reflect  these  differences.  Thus,  a range  of  reliability  ratings  of  2-5 
represents  systems  that  are  highly  reliable. 

In  determining  the  life  cycle  cost  the  total  capital  costs  was  estimated 
for  the  system  and  added  to  an  estimated  operating  cost  based  on  a 10 
year  lifetime  and  peace  time  scenario.  Under  the  peace  time  scenario 
it  was  assumed  that  these  systems  would  be  used  for  training  two  months 
out  of  each  year.  Thus,  for  the  recirculating  system  it  is  assumed 
that  the  system  will  be  running  16.7$  of  the  10  year  period.  For  the 
other  systems  it  was  assumed  that  for  each  training  month  the  system 
would  be  running  16  hours  per  day  over  2 three  day  periods.  Thus,  the 
systems  would  be  running  96  hours  per  training  month  or  192  hours  per 
year  and  hence  about  2.2$  of  the  10  year  period. 

In  performing  this  analysis  the  rec i rculat  ing  system  had  signficantly 
higher  operating  costs  than  the  other  systems,  and  this  tended  to  work 
against  the  capital  cost  advantage  of  this  system.  The  major  part  of 
operating  costs  were  fuel  consumption.  For  the  recirculating  system 
with  a diesel  engine  using  3 gallons  per  hour  approximately  $5,000  would 
be  expended  per  year  for  fuel  for  the  AFARE  (based  on  a fuel  cost  of  one 
dollar  per  gallon).  Using  9 gallons  per  hour  for  FSSP  about  $15,000 
per  year  would  be  spent.  It  was  also  estimated  that  the  recirculating 
AFARE  system  would  incur  an  additional  $5,000  annually  in  other  operating 
expenses  while  the  recirculating  AFSSP  system  would  incur  an  additional 
$20,000  annually  in  other  operating  expenses.  (These  would  be  mostly 
labor).  Thus,  for  the  rec i rcul at i ng  system,  the  total  annual  operating 
costs  were  estimated  to  be  $10,000  for  AFARE  and  $35,000  for  AFSSP.  For 
other  systems,  the  annual  operating  costs  were  estimated  to  be  $3,000 
for  AFARE  and  $12,000  for  AFSSP. 

The  major  part  of  the  life  cycle  costs,  of  course,  is  the  capital  pro- 
curement costs.  Table  7~  1 shows  cost  estimates  for  the  standard  baseline 
systems  with  a gas  turbine  engine.  For  systems  utilizing  diesel  engines, 
the  data  from  Chapter  5 were  utilized. 

For  other  systems  and  components,  differences  from  the  baseline  were 
costed.  As  an  example,  alternative  7 requires  a magneto  (which  is  com- 
parable to  a generator)  and  compressed  dry  nitrogen  gas  and  air  motor 
starting  for  1 to  2 minutes  to  conservatively  allow  for  the  30  second 
GTE  start-up  time.  The  required  magneto,  air  motor  and  compressed  gas 
accessory  equipment  cost  about  $3,000  to  $5,000  and  weigh  about  100  lbs. 
The  various  costs  of  components  for  systems  other  than  baseline  are 
presented  in  Table  7‘2. 
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TABLE  7-1 


BASELINE  SYSTEM  COSTS 


AFARE 


Componen  t 


Quant i ty  Cost  ($) 


200  GPM  Pump  (Carter  in  quantities  of  10) 

200  GPM  Filter/Separator  (Estimate  from  MERADC0M) 
A"  Gate  Valves  (iron)  (Quote) 

A"  ELS  (quote) 

A"  TEES  (quote) 

A"  Y (quote) 

A x 2 COUP  (quote) 

Closed  Circuit  Nozzles  (from  MERADC0M) 
Miscellaneous,  Fitting  6 Hardware  (Estimate) 

20  HP  Gas  Turbine  w/o  Battery  (Mfg's  Information) 
Assembly,  etc.  (Estimate) 

Hoses  (Mfg's  Information)  360  ft. 

Batteries  (Estimate) 


1 

1 

2 

2 

2 

1 

3 


A,  000 
3,000 
AI0 
23 
52 
215 
39 


2 1,200 

1,000 

I 2A.000 

6.000 

@ A"  diameter  12,900 

1 5,000 

Total  57,800 
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TABLE  7-1  (CONTINUED) 


AFSSP 

Approximate 

Component 

Quant  i ty 

Cost  ($) 

Aluminum  Pipe  (12.50  ft.)  (quote) 

1596  ft 

20,000 

Disp.  Nozzles  (quote) 

6 

300 

V T (quote) 

2 

104 

2"  CAP  (quote) 

2 

10 

6"  CAP  (quote) 

14 

182 

3“  CAP  (quote) 

6 

33 

6"  T (quote) 

27 

1,350 

3"  T (quote) 

6 

120 

6"  Y (quote) 

2 

600 

6x4  RED  (quote) 

3 

72 

6"  Gate  Valve  (quote) 

30 

10,000 

V Gate  Valve 

3 

600 

Manifold  (Estimate) 

1 

1 ,000 

600  GPM  Pump  (Carter) 

2 

8,000 

600  GPM  Filter/Separator  (MERADCOM) 

2 

12,000 

10,000  Gallon  Tanks  (F 1 uoros i 1 ) (MERADCOM) 

Miscellaneous  Hardware  (Estimate) 

12 

84,000 

5,000 

50  HP  Gas  Turbine  w/o  Battery  (Mfg's  Information) 
Assy.  etc.  (Estimate) 

2 

50,000 

15,000 

Batteries  (Advanced) (Est imate) 

2 

10,000 

Hoses  (Mfg's  Information)  740  ft.  at  various  sizes 

15,000 

233,000 

I 
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TABLE  7-2 
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approximate  costs  of  components  (not  including  drives) 

FOR  SYSTEMS  OTHER  THAN  BASELINE 


Component 

Quant  i ty 

Cost ($) 

Mini  mum  Weight 

Rigid  Pipe  for  AFARE 

(Extruded  Aluminum  Seamless  Tubing) 

360  Ft.  or 
about  500  lbs. 

1000 

Compressed  Gas  Starting  System 

1 

1*000 

Shelter  (AFARE) 

1 

2000 

Shel ter  (AFSSP) 

1 

6000 

Portable  Heater 

1 

5000 

Continuous  Heater 

1 

5000 

Exhaust  Heater 

1 

1*000 

\ 
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Some  discussion  is  worthwhile  on  the  treatment  of  hosing  in  the  cost  and 
attribute  calculation.  360  feet  of  flexible  hosing  are  required  for 
AFARE  and  7^0  feet  are  required  for  AFSSP.  The  Goodyear  Flexwing  pro- 
duct weights  1.36  lbs.  per  foot  is  rated  at  200  psi  and  costs  $15  per 
foot  for  two  inch  hose.  Firestone  anticipates  that  phosphoni tr i 1 ic 
f 1 uoroe 1 as tomer  (PNF)  material  will  cost  $^0  per  pound.  Two-inch  dis- 
charge PNF  hose  should  weigh  about  1.0  pounds  per  foot  and  two-inch  PNF 
suction  hose  should  weigh  2.0  pounds  per  foot.  Given  present  alternatives 
the  Flexwing  is  considerably  cheaper  and  was  used  as  a basis  for  AFSSP. 

For  AFARE,  weight  was  a crucial  issue,  however,  and  the  use  of  Flexwing 
could  violate  weight  as  well  as  col  1 aps i b i 1 i ty  requirements.  Resonable 
weight  can  be  obtained  using  PNF  as  discharge  hose  and  Flexwing  as 
suction  hose,  as  this  was  used  as  the  basis  of  cost  and  weight.  It  is 
anticipated,  however,  that  products  can  be  developed  in  the  future  that 
may  be  even  lighter.  In  this  sense,  our  cost  and  weight  numbers  may  be 
conservative,  but  we  cannot  predict  exactly  how  much  weight  can  be 
reduced  from  hosing. 

In  addition  to  life  cycle  cost  and  capital  cost,  we  also  considered  the 
total  development  costs  on  a per  system  basis.  It  should  be  noted  that 
a procurement  of  25  to  50  AFSSP  systems  are  envisioned  and  50  to  100 
AFARE  systems  are  envisioned.  Even  with  a million  dollar  development, 
this  would  result  in  only  an  extra  10,000  dollars  approximately  per 
system.  Hence,  development  cost  will  not  be  a substantial  part  of 
total  life  cycle  costs.  To  account  for  possible  differences,  however, 
we  added  5.000  dollars  per  system  for  those  with  relatively  low  develop- 
ment risk  and  $10,000  per  system  for  those  with  relatively  high  develop- 
ment risk.  The  overall  life  cycle  cost  was  the  sum  of  the  capital  costs, 
estimated  operating  costs,  and  share  of  development  cost.  Total  life 
cycle  costs  are  presented  in  Tables  7"3  and  7*^. 


In  the  next  step  of  the  evaluation  the  numerous  performance  attributes 
were  combined  into  a single  performance  index.  These  atttributes  included 
response  time,  reliability,  fuel  flexibility,  set-up  and  dismantling  time 
and  terrain  performance,  special  skills  and  ease  of  operation,  stand- 
alone ability,  safety,  and  maintenance  time  and  frequency.  The  consoli- 
dation method  is  discussed  in  the  next  section. 

The  other  consolidation  computed  in  determining  the  four  value  vector 
evaluation  of  each  of  the  systems  was  the  aggregation  weight  and  size 
into  a single  numerical  size  and  weight  index.  For  the  AFARE  system, 
the  recommended  size  and  weight  is  a limiting  constraint.  All  of  the 
systems  were  estimated  to  be  slightly  larger  and  heavier  than  the  design 
goals.  For  AFARE  the  size  and  weight  index  was  computed  to  be  equal  to 
10  times  the  ratio  of  desired  weight  (900  pounds)  to  the  actual  weight 
times  the  ratio  of  the  desired  volume  (65  cu.  ft.)  to  the  actual  volume. 
Thus,  a score  of  10  represented  a system  that  would  meet  the  size  and 
volume  goals.  If  a system,  for  example,  was  S0%  in  excess  of  both  size 
and  weight  goal,  the  size  and  weight  and  index  would  be  equal  to  10 
divided  by  1.5^"  4.1«.  For  the  AFSSP  all  of  the  systems  were  within  the 
weight  and  volume  guidelines  (even  using  current  weights  for  arctic 
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Baseline-Rigid  Pipeline 


Baseline-Rigid  Pipeline  Not  Applicable 
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hosing).  In  this  case,  this  score  was  set  equal  to  10  plus  an  extra 
point  (or  two)  if  either  the  weight  or  volume  (or  both)  were  somewhat 
less  than  competing  systems.  All  the  weight  and  volume  indices  for  AFSSP 
were  10  or  above  and  were  judged  to  be  acceptable.  The  estimated  weights 
and  volumes  for  the  eight  systems  are  presented  in  Table  7~5. 

With  regards  to  hosing,  the  only  practical  alternative  is  the  substitu- 
tion of  rigid  pipe  with  flexible  connections  for  AFARE.  This  would  reduce 
cost  by  almost  $12,000  (as  well  as  development  cost  and  risk)  and  the 
extruded  aluminum  pipe  might  save  a small  amount  of  weight.  However, 
the  rough  terrain  performance  and  set-up  and  dismantling  time  would  be 
a great  deal  poorer  and  reliability  might  suffer  due  to  the  increased 
number  of  connections.  To  formally  assess  the  utility  of  rigid  pipe, 
we  evaluated  a nineth  system  consisting  of  the  baseline  system  with 
rigid  pipe.  It  is  noted  that  the  advantages  of  cost  and  risk  are  small 
compared  to  the  performance  disadvantage.  Thus,  the  flexible  hosing 
appears  to  be  the  logical  development  choice. 

The  final  step  of  the  analysis  was  a qualitative  evaluation  of  the  re- 
maining four  consolidated  attribute  values.  This  is  discussed  in  the 
cone  fusions. 

7.3  PERFORMANCE  RATING 

The  score  sheet  for  performance  attributes  is  presented  in  Table  7~6. 

In  Table  7"7  various  methods  for  weighting  these  relative  scores  are 
presented.  The  addition  was  a simple  addition  of  the  relative  scores. 

We  also  considered  addition  plus  an  addition  to  the  total  score  of  extra 
attribute  values  corresponding  to  the  attributes  that  were  considered 
especially  important.  These  included  response  capability  and  ability 
to  stand  alone  and,  in  another  related  scheme,  reliability.  (Reliability 
is  certainly  an  extremely  important  attribute;  however,  in  one  of  our 
schemes  we  did  not  add  an  extra  value  of  that  score  because  all  the 
reliabilities  for  the  system  are  extremely  good  and  the  relative  scores 
show  only  small  degradations  in  quality.)  In  another  scheme,  we  utilized 
the  weighting  scale  developed  in  Phase  1.  Finally,  in  a point  reduction 
scheme  we  gave  each  system  a score  of  100  and  took  off  single  points 
for  each  minor  deficiency  and  up  to  5 points  for  each  major  deficiency. 
Major  deficiencies  included  poor  response  time.  Minor  deficiencies 
included  degradations  in  all  other  areas  except  safety.  (The  range  of 
scores  for  the  recirculating  system  was  obtained  by  considering  the 
degradation  in  ability  to  stand  alone  as  anything  from  an  extra  minor 
deficiency  to  a major  deficiency).  The  overall  performance  rating, 
which  consisted  of  a qualitative  assessment  of  the  various  weighting 
schemes,  is  presented  in  Table  7"8. 

7 A CONCLUSIONS 


The  values  for  the  attributes  for  the  AFARE  and  AFSSP  systems  are  pre- 
sented in  Tables  7~3  and  7_i*.  Our  conclusions  concerning  the  various 
systems  are  as  follows: 


a 


Baseline  with  Rigid 
Piping  replacing 
hosing 


Actual  time  in  minutes,  relative  score  in  parenthesis 
AFSSP  only 
AFARE  only 
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TABLE  7-8 

OVERALL  PERFORMANCE  RATING  (Out  of  10) 


1. 

Shel ter-Portabl e-D iesel 

1 

2. 

Shelter-Continuous-Diesel 

4.5 

3. 

Reci rculate-Diese! 

6.5 

1*. 

Shel ter- Exhaust-D i esel 

2 

5. 

Shel ter-Cont i nuous-GTE 

5 

6. 

Basel i ne-GTE 

9 

7. 

Air  Start-GTE 

9 

8. 

Battery  and  Air  Start-GTE 

10 

9. 

Basel ine-GTE  with  hose  replaced 
by  rigid  Connections 

5.5 

t 


1.  For  AFARE,  the  systems  that  perform  very  well  and  come  closest 
to  meeting  the  size  and  weight  restrictions  are  the  baseline 
systems  utilizing  a gas  turbine  engine.  One  alternative  uses 
advanced  batteries,  a second  uses  a gas  start  and  magneto. 

These  systems  are  more  expensive  and  require  more  development 
than  many  others,  but  are  really  the  only  ones  that  approach  the 
size  and  weight  restrictions.  The  recirculating  system  using 

a diesel  engine  costs  less  and  performs  reasonably  well,  but 
it  is  heavier  and  larger. 

2.  For  the  AFSSP,  the  highest  performing  systems  are  the  same  as 
for  the  AFARE  system.  However,  again  these  systems  are  more 
expensive  and  involve  more  development  risk  than  some  others. 
Unlike  the  AFARE,  however,  the  competing  diesel  systems  are 
within  the  size  and  weight  restrictions.  In  particular,  the 
shelter  with  continuous  heating  and  a diesel  engine  is  sub- 
staniaily  less  expensive  than  the  GTE  systems  and  performs 
reasonably  well.  Although  the  performance  index  is  only  i*. 5 
compared  to  9 the  performance  did  not  suffer  significantly  in 
any  category.  Consequently,  this  sheltered  diesel  system  is  a 
reasonable  alternative  and  is  less  expensive.  (The  recirculating 
systems  turn  out  to  be  nearly  as  expensive  as  a GTE  system 
because  of  the  high  operating  costs.) 

3.  Reliability  and  performance  on  all  of  the  competing  systems 
(with  the  possible  exceptions  of  the  shelter  with  a portable 

or  exhaust  heating)  are  good  performers  and  are  highly  reliable. 
The  best  performing  system,  of  course,  is  a baseline  system  with 
both  advanced  battery  and  a redundant  gas  start.  If  the  Army 
wishes  to  maximize  performance  this  system  should  be  chosen  for 
AFSSP.  For  AFARE  this  system  also  maximizes  performance  but 
raises  costs  and  adds  additional  size  and  weight  where  size 
and  weight  are  constraining  limitations. 

In  evaluating  the  numbers  in  Tables  7'3  and  7-^,  the  decision-maker  can 
treat  the  mu  1 1 i -at t r i bute  evaluation  in  several  ways.  He  can  attach 
weights  to  reflect  his  utility  for  each  attribute.  He  can  evaluate  per- 
formance and  size  and  weight  index  without  a great  deal  of  regard  for 
cost  and  development  risk.  Finally,  he  can  subjectively  evaluate  the 
numbers.  We  cannot  determine  precisely  the  utility  that  MERADCOM  places 
on  the  four  sets  of  numbers  and  we  hesitate  to  formulate  weighting  func- 
tions. Performance  and  size  and  weight  indices,  however,  appear  to  be 
more  important  than  cost.  On  this  basis  we  would  recommend  the  baseline 
systems  with  either  a gas  start  or  advanced  batteries  or  both,  and  we 
would  rank  order  the  alternatives  according  to  the  performance  index. 

As  far  as  size  and  weight  restrictions  for  AFARE  are  concerned,  MERADCOM 
must  make  a utility  judgement  with  respect  to  size  and  weight  index  and 
consider  the  options  cited  in  comment  under  two  above. 
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CHAPTER  8 - RECOMMENDATIONS  OF  FUTURE  DEVELOPMENT  AND  TESTING  REQUIREMENTS 


This  study  has  affirmed  that  the  current  FSSP  and  FARE  systems  in  the 
Army  inventory  will  not  work  satisfactorily  at  temperatures  below  -25°fr 
and  the  need  exists  for  arctic  refueling  systems  at  temperatures  down 
to  -&0°F. 

As  the  previous  chapters  of  this  study  discuss,  there  are  several  com- 
ponents of  arctic  fuel  dispensing  equipment  systems  needing  further 
development  and  testing  to  enable  the  most  desirable  system  alternatives 
to  be  effective.  These  include  e I astomer ics , advanced  batteries,  adapta- 
tion of  gas  turbine  engines  as  pump  drives  and  fuel  filter/separators 
in  the  systems.  Each  shall  be  discussed  in  turn.  The  questions  of 
tactical  vulnerability  and  survival  should  be  resolved  also. 

• Elastomeric  Materials 

Elastomeric  components  are  needed  for  flexible  hose  requirements, 
for  collapsible  tanks  and  drums  and  for  seals  and  gaskets 
throughout  the  systems.  To  meet  volume  and  weight  limitations 
for  these  systems,  further  elastomeric  development  and  testing 
is  required  to  provide  collapsible  discharge  hosing  which  will 
remain  flexible  at  -6o°F.  It  is  vital  that  the  hose  material 
that  is  finally  developed  meet  tensile  and  tear  strength  criteria 
and  that  it  neither  contaminate  the  fuel  nor  be  contaminated  by 
the  fuel.  The  two  inch  collapsible  hosing  should  weigh  less 
than  1 lb.  per  foot  if  possible.  Suction  hosing  made  of  the 
same  material  with  additional  reinforcement  should  weigh  only 
slightly  more.  This  would  minimize  hose  weight,  an  item  criti- 
cal particularly  for  the  AFARE.  Current  work  in  phosphon i tr 1 1 i c 
f luoroe las  tome r compounds  is  encouraging  for  this  application. 

Research  is  vitally  needed  to  develop  and  test  elastomeric 
material  which  would  lend  itself  to  fabrication  of  collapsible 
fuel  storage  tanks  rnd  drums  that  would  remain  flexible  at  -60°F. 
These  collapsible  fuel  containers  must  be  capable  of  discharging 
95  percent  of  their  fuel  contents  and  being  folded  up,  transported 
to  another  location,  unfolded,  installed  and  filled  with  fuel, 
all  at  -60°F.  The  tensile  and  tear  strength  of  this  materia? 
must  meet  criteria  and  the  material  must  resist  contaminating 
the  fuel  contents  or  being  contaminated  by  the  fuel.  Little 


research  activity  on  elastomeric  materials  for  this  application 
appears  to  be  in  progress. 


It  appears  that 
of  teflon,  PNF 
which  will  rema 
-60°F.  These  i 
use  in  the  fuel 


seals,  gaskets,  and 
and  certain  other  ma 
in  flexible  and  wi 1 1 
terns  should  be  final 
dispensirj  systems. 


diaphragms  can  be  fabricated 
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• Advanced  Batteries 


N icke I -cadmium  advanced  batteries  appear  to  be  the  most  practical 
type  of  battery  to  employ  for  arctic  fuel  dispensing  systems. 

A battery  cell  heating  arrangement  should  be  included  in  these 
battery  systems  to  provide  a more  reliable,  longer  lasting 
battery  component. 

• Pump  Drive  Systems 

The  most  practical  pump  drive  equipment  for  use  in  the  arctic 
fuel  dispensing  system  appears  to  be  the  gas  turbine  engine. 

Such  equipment  in  varying  sizes  has  been  developed  and  it  is 
a matter  of  manufacturing  these  engines  in  the  required  sizes 
with  the  appropriate  power  train  for  applying  power  from  the 
engines  to  the  pumps.  These  engines  can  be  started  either  by 
advanced  batteries  discussed  above  or  by  air  starter  motors 
driven  by  compressed  dry  nitrogen  gas.  Such  air  motor  starting 
equipment  may  be  designed  using  current  commercial  technology 
for  this  role.  The  gas  turbine  engines  are  light,  require 
little  weather  protection,  and  burn  multiple  fuels. 


• Fuel  Filter/Separator  Units 


The  Army  should  proceed  with  the  research  and  development  re- 
quired to  provide  F/S  units  for  these  systems  which  will  filter 
unclean  fuel  products  to  the  required  military  specifications 
at  -60°F.  This  includes  removal  of  ice  particles  without  inter- 
ference to  the  other  filtering  and  separating  action.  Considera- 
tions should  be  given  to  simplicity  requirements  for  cleaning  and 
maintaining  these  units  by  operating  personnel  at  remote  locations 
in  the  field.  These  units  should  be  wheel -mounted  for  ease  of 
positioning  in  the  field,  particularly  when  loaded  with  fuel 
being  d i spensed . 


• Tactical  Security  Measures 

Both  the  AFSSP  and  the  AFARE  systems  are  vulnerable  to  detection 
by  IR  detector  equipment  and  by  the  equipment  noise  generated 
while  operating.  The  locations  of  these  fuel  supply  points  can 
also  be  exposed  by  the  traffic  patterns  of  vehicles  being  re- 
fueled, particularly  AFARE  exposure  during  heavy  helicopter 
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operations.  Both  equipment  and  operators  are  vulnerable 
to  enemy  explosive  munitions. 

Though  vulnerability  to  enemy  action  is  a common  problem 
in  wartime,  the  fuel  dispensing  systems  may  be  important 
enough  to  warrant  the  Army's  further  study  and  development 
of  procedures,  material  and  equipment  designs  which  would 
significantly  lessen  detection  from  IR  equipment,  engine 
noise,  and  visual  sightings  and  lessen  damage  or  loss  from 
enemy  munitions  or  personnel.  Protective  coatings,  camou- 
flage netting,  equipment  noise  dampening  devices,  and  armour 
protective  coverings  would  be  investigated.  Added  system 
weight,  however,  must  be  continually  watched  in  such  development. 

Physical  security  from  direct  enemy  attack,  sabotage,  or  pil- 
ferage is  a problem  similar  to  that  faced  by  other  military 
facilities  having  control  over  such  highly  attractive  targets. 
Protective  security  forces  must  be  figured  into  military 
operations  involving  these  systems  as  well  as  deceptive  man- 
euvers, continuous  supply  point  relocations,  and  refueling 
and  deployment  schemes. 

Testing  Requirements 

We  realize  that  the  U.S.  Army  has  prescribed  standard  specifi- 
cation and  testing  requirements  for  new  materials,  equipment 
and  operating  systems.  Therefore,  this  study  will  not  make 
detailed  recommendations  in  those  areas.  References  in  this 
chapter  to  testing  simply  mean  that  testing  of  newly  developed 
components  and  systems  should  be  done  in  accordance  with  standard 
military  procedures  and  would  include,  of  course,  cold  weather 
field  testing  of  both  new  components  and  complete  arctic  fuel 
dispensing  systems  at  temperatures  down  to  -60°F. 
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OPERATIONAL  REQUIREMENTS  FOR  ACCEPTABLE  AFDE  SYSTEMS 


1.  GENERAL  REQUIREMENTS  APPLICABLE  TO  BOTH  AFSSP  AND  AFARE  SYSTEMS: 


I 


A.  Air  and  Ground  Transportable  as  follows: 

1.  AFSSP  systems  deployable  by  either  ground  transportation 
or  C- 1 30  a i rcraf t . 

2.  AFARE  systems  deployable  by  either  of  those  means  and 
also  deployable  by  Army  utility  helicopters. 

3.  Systems  need  to  be  light,  packaged  in  a small  volume 
and  rugged. 

B.  Able  to  operate  at  -60°F  temperature  and  under  other  severe 
arctic  weather  conditions.  Able  to  be  stored  at  those 
temperature  extremes  with  no  detriment  to  immediate  use. 

C.  Simple  to  operate  in  extreme  cold  and  designed  to  accomodate 
equipment  operators  wearing  arctic  mittens. 

D.  Protected  against  statis  electricity  and  containing  adequate 
features  to  provide  maximum  safety  to  operating  and  maintenance 
personne 1 . 

E.  Capable  of  stor i ng/ i ssu i ng  all  types  of  military  hydrocarbon 
fuels  (l.e.,  arctic  and  regular  grades,  alternate  fuels 
presently  available  and  anticipated  fuels). 

F.  Can  be  operated  tactically  under  both  daylight  and  night 
cond i t ions. 

G.  Equipped  with  storage  tanks  which  will  allow  a minimum  of 
95%  evacuation  of  fuels  and  which  will  not  fail  In  the 
extreme  cold. 

H.  Employing  pipeing  which  is:  lights,  easily  packaged  for  trans- 
portation with  a minimum  volume;  easily  assembled  (connected) 
and  disassembled  under  tactical  conditions;  satisfactory  when 
stored,  transported  or  used  at  -60°F;  easily  repaired  or  replaced; 
non-corrosive  or  contaminating  to  full;  and  adaptable  to  rugged, 
variable  terrain.  If  hoses  are  used,  they  can  be  coiled  and 
remain  flexible  for  immediate  use  when  uncoiled  at  temperatures 

of  -60°F. 

I.  Pumps  which  can  be  placed  into  immediate  operation  and  having 
pump  drive  equipment  which  is  reliable  and  can  be  started  easily. 
Noise  reduction  should  be  considered. 
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J.  Gaskets,  seals,  and  O-rings  which  do  not  deform,  deteriorate, 
or  fail  under  repeated  use  in  extreme  cold  and  which  seal 
properly  in  use. 

K.  Connections  which  are  simple  and  quick  to  operate  for  pipe 
jointing  and  joining  pipe  fittings  and  accessories  (i.e., 
adaptors,  valves,  couplings,  reducers,  connectors). 

L.  Nozzles  which  are  simple  to  operate  and  whose  seals,  gaskets, 
and  components  will  not  leak,  deteriorate,  or  fail  in  the 
extreme  cold. 

M.  Filter/separators  which  will  operate  efficiently  without 
clogging  or  freezing  in  the  cold. 

N.  Features  providing  maximum  protection  from  fragmenting  munitions. 

O.  Equipped  with  dual  inlet/outlet  prots,  manifolding,  and  metering 
devices. 

P.  Systems  and  components  selected  which: 

1.  Have  a high  reliability 

2.  Require  an  absolute  minimum  of  special  tools,  equipment, 
spare  parts,  or  lubricants. 

3.  Are  easily  repaired  and  maintained. 

4.  Are  cost  effective. 

5.  Are  reasonably  resistant  to  seismic  activity  or  shock 
impact  from  battlefield  explosions. 

6.  Are  reasonably  quiet  in  operation  for  military  security. 

7.  Are  reasonably  secure  from  pilferage. 

8.  Can  be  stored,  transported,  assembled,  disassembled,  operated, 
and  maintained  using  minimum  manpower. 

2.  ATTRIBUTES  AND  REQUIREMENTS  APPLICABLE  TO  AFSSP 

A.  Can  be  set  up  in  one  to  two  hours. 

B.  Must  provide  60,000  to  120,000  gallons  storage  preferably  using 
collapsible  tanks/drums. 

C.  Should  weigh  approximately  27,000  pounds  and  occupy  a cube  of 
about  1,700  cubic  feet. 
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D. 


Have  capability  to  simultaneously  load  and  unload  four  bulk 
fuel  transporters  including  5.000  gallon  tankers,  railcars, 
bladder  birds,  GOER's  and  tank  and  pump  units;  can  dispense 
fuel  to  600-gallon  pods,  500-gallon  nonvented  collapsible 
drums,  55_gallon  drums,  and  5-gallon  cans;  and  can  issue 
directly  to  mobile  fuel  consuming  equipment.  Employs  a 
600  GPM  pump  at  225  feet  head. 


E.  Can  be  divided  into  a complete  two  product  storage  and  dispensing 
fac i I i ty . 


3.  ATTRIBUTES  AND  REQUIREMENTS  APPLICABLE  TO  AFARE 


Can  be  set  up  by  two  to  three  men  in  30  minutes  to  an  hour. 


B.  Preferably  utilize  500-gallon  collapsible  tanks  capable  of 

being  sling-lifted  by  helicopters  to  forward  emplacement  areas. 


C. 

D. 


Can  be  deployed  primarily  by  utility  helicopters. 


System  should  weigh  approximately  900  pounds  (excluding  collapsible 
tanks)  and  occupy  a cube  of  about  65  cubic  feet. 


E.  System  capable  of  being  filled  from  an  AFSSP,  any  type  of  bulk 
fuel  tanker,  and  a bladder  bird. 


F. 


System  must  be  capable  of  refueling  two  medium  helicopters 
simultaneously  at  a rate  of  50  GPM  to  300  GPM  with  closed 
circuit  and/or  open  port  refueling  (for  other  equipment  in 
addition  to  aircraft  as  required).  Current  thinking,  however, 
involves  employing  200  GPM  pumps  at  325  to  375  foot  head. 
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SOURCES  OF  INFORMATION  AND  REFERENCES 


Sources  of  Information 

A.  U.  S.  Army  Cold  Regions  Test  Center,  Ft.  Greeley,  Alaska. 

(Tele.  907-872-4201 ) 

B.  U.  S.  Support  Force  Antarctica,  Port  Hueneme,  California. 

(Tele.  805-982-3198) 

C.  Holmes  & Narver,  Inc.,  Antarctic  Support  Division,  Orange,  California. 
(Tele.  714-973-1100) 

D.  222°*  U.  S.  Army  Aviation  Battalion,  Ft.  Wainwright,  Alaska. 

(Tele.  907-353-6270) 

E.  U.  S.  Army  Combat  Developments  Activity,  Alaska,  Ft.  Richardson, 
Alaska. 

(Tele.  907-863-1201) 

F.  Gilbertson  Chevron  Bulk  Oil  Dealer,  Delta  Junction,  Alaska. 

G.  Jackovich  Tractor  & Equipment  Company,  Fairbanks,  Alaska. 

(Tele.  907-456-4414) 

H.  Director  of  Installations  Office  (Mr.  Hebert,  Chief  POL  Section), 

Ft.  Greeley,  Alaska. 

I.  Director  of  Installations  Office  (Lt.  Hitz/SFC  Crawford,  Petroleum 
Division),  Ft.  Richardson,  Alaska. 

(Tele.  907-863-3217) 

J.  Nabors  Alaska  Drilling,  Inc.,  Anchorage,  Alaska. 

(Tele.  907-278-251 1 ) 

K.  C.M.G.  Equipment  Company,  Anchorage,  Alaska. 

(Tele.  907-344-0592) 

L.  Alaska  Airlines,  Anchorage,  Alaska. 

(Tele.  907-243-3300) 
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(Tele.  314-268-5328) 

O.  Parker  Seals  Company,  Lexington,  Kentucky. 

(Tele.  606-269-2351) 

P.  Goodyear  Tire  S Rubber  Company,  Sales  Office,  Kent,  Washington. 

(Tele.  206-854-3380) 

Q.  Gates  Rubber  Company,  Denver,  Colorado. 

(Tele.  303-744-1911) 

R.  Goodyear  Tire  & Rubber  Company,  Akron,  Ohio. 

(Tele.  216-794-2121) 

S.  Firestone  Rubber  Company,  Central  Research  Laboratories,  Akron,  Ohio, 
(Dr.  David  Tate) 

(Tele.  216-379-6445) 

T.  U.  S.  Army  Cold  Regions  Research  and  Engineering  Laboratory,  Hanover, 
New  Hampshire. 


(Tele.  603-643-3200) 

U.  Uniroyal,  Inc.,  Mishawaka,  Indiana,  (Mr.  C.  Kennedy) 

(Tele.  219-255-2181) 

V.  L.T.S.  Sales,  Ltd.,  (VI.  Jones),  Mississauga,  Ontario,  Canada. 

(Tele.  416-678-2131) 

W.  U.  S.  Army  Natick  Laboratories,  (H.  Madrick),  Natick,  Massachusetts. 
(Tele.  617-653-1000,  Ext.  2546) 
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\.  0.  S.  Army  Human  [ ng i noor  i iu|  I aborator  ios , Aberdeen,  Maryland, 

(hs.  M.  Gluimi). 

* (Trio.  301-278-5201  ) 

Y.  SAIT  Corporation,  Industrial  Battery  Division,  (L.  Heck),  Boonton, 

Now  Jersey . 

(Tolt'.  201  -334-0700) 

Z.  II.  S.  Aii-  Torce  Electronic  Systeii:s  Division,  Hanscom  AID, 

Massachusetts . 

| (Tele.  61 7-861-201 5 ) 

AA.  U.  S.  Air  Torce  Dewline  Office,  (W.  Evans),  Colorado  Springs, 

Colorado. 

(Tele.  303-591-4929) 

BB.  Felec  Services,  Inc.  (ESI),  (G.  Dunnolls),  Colorado  Springs, 

Colorado. 

(Tele.  303-574-5850)  (Dewline  Operations  Contractor) 

CC.  American  Biltrite,  Inc.,  Boston  Industrial  Products  Division, 

(R.  Lord),  Cambridge,  Massachusetts . 

(Tele.  617-876-6000) 

DO.  Reynolds  Aluminum  Company,  Wellesley  Hills,  Massachusetts,  (F.  Cerny). 
(Tele.  617-237-5143) 

EE.  U.  S.  Army  Mobility  Equipment  Research  and  Development  Command, 

Fort  Belvoir,  Virginia. 

(Tele.  703-664- ( EXT) ) 

T.  Jef ferson--Ext.  5382 
C.  Browne--Ext.  5781 
P.  Touchet--Ext.  5488 

I I 

L.  fledler— Ext.  4458 
W.  McGovern  Ext.  5459 

FF.  Atlantic  Research  Corporation,  Gainsville,  Virginia  (G.  Hamm) 
Telephone  703-754-411 1 
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3.  Department  of  the  Army  TM  55-2330-203*25F , "Transporter,  Liquid,  Rolling 
Wheel  Type, "1000  Gallon,  M6,  January  1963. 

CHAPTER  4 


1.  Department  of  the  Army,  FM  9-207,  "Operation  and  Maintenance  of 
Ordnance  Material  in  Cold  Weather  (0°  to  -65e,F),"  January  1978. 

2.  US  Army  Cold  Regions  Test  Center  Booklet,  "Man  and  Material  in  the 
Cold  Regions,"  (Part  I),  received  February  1979. 


3.  Department  of  the  Army  FM  3 1 ~ 70 , "Basic  Cold  Weather  Manual,"  dated 
April  1968. 
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sola: 

Model  T-62T-32-1  Titan 
Auxiliary  Power  Unit 


Performance  Data 


Rating  at  59°F,  Sea  Level  [14  7 psia|* 

• Primary  power  pad  Ml  kA\  ltf>  -too  H/ 

120  208  vac 

• Starter  generator  pad  ‘*Lva  10vd<  too  amps 

• Power  takeoff  pad  to  slip  with  0 kva  load  on 
starter  generator  or  It  slip  with  no  load  on 
starter  generator 

1st)  rating  with  ar  generator  and  d<  starter 
generator  installed 
Multi-fuel  Capability 
( II  Mil  I 4r>  12 1 
Mil  I 1888. 1 VV  I 800  Diesel 
Mil  (.  tOSfi  Motor  (.aailme 
Mil  G SS72  AVGAS 
MIL  | S624  |P  4 and  IP  S 
VV  K 211  Kerosene 
Oils 

Mil  I 2104  Mil  I 7 808 
Mil  I 1020S  MII  I 2 Iti'fl 

Output  Pads 

• hOtXl  rpm  primary  ai  power  AN|)  2000*’  type 
XVI  B 


• MXX)  rpm.  combination  starter  and  dc 
generator.  AND  10282 

• 12r>0  rpm.  power  take-off.  suitable  for 
hydraulic  pump.  AS469B 

Engine  Rotor  Speed 

til  (i'll  rpm 

Maximum  Continuous  Temperature  [Full  Load] 

Dp  to  1 180°f  LGJ 

Weight 

t io  lb  mi  ludes  engine  and  gearbox,  starter  and 
generator  and  tubular  frame  Other  mounting 
frames  may  be  substituted  for  this  tubular  frame 
Maximum  Fuel  Consumption  [60  kW| 

10S  pph 
Generator 

• I requeue  y regulation  -0  to  1%  adjustable  iHz 

• At  voltage  regulation  0 S%  at  constant  load 

• IX  voltage  regulation  0 7S%  at  constant  load 

• I requeni  \ ad|nst  range  188  to  412  Hz 

• At  voltage  ad|usf  range-  9S  to  110%  of  rated 
load 

• IK  voltage  ad|ust  range  2S  to  11  volts 


~.  _ ■ . 
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Standard  Features 


Annular  ( omhustor 

Automatic  Acceleration  ( ontrol 

Automatic  ‘'tart  Solid  State  Speed  Sequencing 

( old-1  nd  Drive 

Jullv  Automata  ( ontrol  System 

Integral  Oil  S\ stem 

low  Oil  Pressure  Protection 

< Xerspeed  Protection 

Overtemperature  Protec  turn 

Paralleling  ( apahilitv  between  IvvoSets 

''ingle  Stage  Radial  ( ompressoi 

Single-Stage  Radial  Inflow  Turbine 

Starts  within  TO  Seconds  from  (>‘>  to  1 TO°l 


for  more  information  write 
Solar  Turbines  International 
llppartmcnt  ~lMl 
Radial  In pne  Division 


Standard  Accessories 

K.l  Thermocouple 
I lector  Starter 
I uel  t ontrol 
I uel  I liter 
Ignition  Svstem 
I soc  hronous  or  Droop  ( ontrol 
I o<  al  and  Remote  Panels 
Magnetic  Speed  Pickup 
( til  I liter 

Oil  Pressure  Regulator 
( >i I Pressure  Sw  itc  h 
Overspeed  Switch 
( X ertemperature  Sw  itch 
Reverse  ( urrent  Protection  AC  and  DC 
Solid  State  Speed  Sequencing  and  Temperature 
( ontrol  L nit 
l ndertrequenc  \ 
l ndervoltage 


SOLAR 


An  Operating  Croup  of  Internal lonal  Narvoslor 

.VOO  Pacific  Highway  PO  Bn«  80968  San  Oeoo  CaMornia  92^38 


f Iti  words  ^o/,ir  and  ap;  raring  hi’ifin  art*  t radrmarl  ^ rcenterrd  h\  Infornattondl  Marv  ester  Company  in  the  U S Patent  Office 
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PRELIMINARY  s GTP36-51 

GAS  TURBINE  SPEC  DATA  * 


PERFORMANCE  DATA  AND  LEADING 
PARTICULARS: 

FUELS : KEROSENE  (JET  FUELS)  AND  DIESEL 

FUELS.  UNLEADED  GASOLINE,  LEADED 
GASOLINE  (EMERGENCY) 

OIJ.S:  NUMEROUS  MINERAL  AND  SYNTHETIC 

OILS  ARE  APPROVED 

DIRECTION  OF  ROTATION:  CCW  (FACING 

OUTPUT  PAD) 

SHAFT  HP:  (SEA  LEVEL,  60°F  DAY) 

*o  CONTINUOUS  DUTY:  75  HP 
♦*o  STANDBY  DUTY:  82  HP 

SPEED:  80,000  PPM 

•CONTINUOUS  DUTY.  DIE  RATING  FOR  LONG- 
LIFE ECONOMICAL  PERFORMANCE  WITH  CON- 
TINUOUS HEAVY  DUTY  LOADS. 

“STANDBY  DUTY.  THE  MAXIMUM  HORSE- 
POWER OBTAINED  WITH  REDUCED  LIFE, 

WITHOUT  SIGNIFICANTLY  DEGRADING 
ENGINE  RELIABILITY. 


STANDARD  FEATURES: 

o FULL  CONTAINMENT- COMPRESSOR  AND  TURBINE 
o SINGLE  CAN  - FIELD  REPLACEABLE  COMBUSTOR 
o IGNITION  SYSTEM  - LOW  ENERGY 
o LURE  SYSTEM  - EXCEPT  HEAT  EXCHANGER 
n FUEL  SYSTEM  - LOW  PRESSURE 

O OVERSPEED  AND  OVERTEMP  PROTECTIVE  SENSORS 
(MONOPOLF.  AND  THERMOCOUPLE) 
o ELECTRICAL  STARTER  - 24  VDC 
o OUTPUT  TAD  - SAE  J617a-4 

o OUTPUT  PAD  SPEED  - 3600/3000  RPM,  BUILT-IN  GEAR 
CHANGE 

O 3*  SPEED  ADJUSTMENT 
o OIL  LEVEL  DIPSTICK 

o CAST  PARTS  - TURBINE  AND  COMPRESSOR 

- TURBINE  HOUSING 

- COMPRESSOR  INLET  AND  SCROLL 

- GEARBOX 

OPTIONAL  FEATURES: 

o ELECTRONIC  LOGIC  PACKAGE  (MATED  TO  ACCEPT  STANDARD 
MALFUNCTION  INDICATOR  AND  START/OPERATION/SPEED 
CONTROL  FUNCTIONS) 
o GRAVITY  FEED  FUEL  TANK 

o 50/60  HZ,  30  KW  GENERATOR  WITH  REGULATOR  AND 
BATTERY  CHARGER 

o OUTPUT  SPEEDS:  1500,  1800,  6000,  8000,  12,000  RPM 

o OUTPUT  PAD  - AND  20006-10  OR  AND  20002-5 
O OUTPUT  SHAFT 
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INDUSTRIAL  ENGINES  AND  PRODUCTS,  THE  GARRETT  CORP. 
402  SOUTH  36TH  ST.,  PHOENIX,  ARIZONA  85010 
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GTP36-51 

PRELIMINARY 

PERFORMANCE: 


• PERFORMANCE  SHOWN  IS  FOR  SEA  LEVEL 
OPERATION  WITH  HO  INSTALLATION 

LOSSES 

• ALTITUDE  PERFORMANCE  MAY  DF.  ESTIMATED 
BY  REDUCING  HORSEPOWER  SHOWN  ON  CURVE 
BY  3*  FOR  EVERY  1000  FT.  GAIN  IN 
ALTITUDE  TO  10,000  FT. 


NOTES : 

1.  FUEL  LOWER  HEATING  VALUE 
EQUALS  18,400  BTU/LB 
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2.  ENGINE  INLET  TOTAL  PRESSURE 

EQUALS  STATIC  PRESSURE  AT 

ENGINE  EXHAUST  EQUALS 

AMBIENT  PRESSURE 

3.  OUTPUT  SHAFT  SPEED  EQUALS 

3600  RPM 

— 

4 . D 
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ELTA  EQUALS  ENGINE  INLET  TOTAL 
RESSURE,  IN.  HG  ABS,  DIVIDED 

Y 29.92 
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CUSTOMER  INSTALLATION  CONSIDERATIONS 


FUEL  REQUIREMENTS: 

SUPPLY  PRESSURE  - LIQUID 
TEMPERATURE  - 


GRAVITY  TO  20  PSIC, 
-65°  TO  + 1 4 0°F 


ELECTRICAL  REQUIREMENTS: 

STARTING  - 

OPERATION  - 

OPERATING  ENVIRONMENTS: 

TEMPERATURE  - ENGINE  INLET  AIR  - 
ALTITUDE  - 

NOMINAL  EXHAUST  - GAS  CHARACTERISTICS: 
FLOW  - 

TEMPERATURE  - 


24  V CONSISTING  OF  2 SERIES  2 HN  BATTERIES 
OR  EQUIVALENT  - 45  AMP-HR  SUPPLY 

18-  30  V D-C. 


-65°F  TO  * 1 20°F 

SEA  LEVEL  TO  10,000  FT  <30  TO  20  IN  HG) 


0.92  LB/SEC  (721  CFM) 
1 200°F 


LUBRICATION  REQUIREMENTS: 
CAPACITY  - 


5 QUARTS,  HEAT  EXCHANGER  SIZED  FOR  120  BTU/MIN  » 2.5  GPM 
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SOLAP. 

Model  T-20G-1  Gemini 

10  klM  Auxiliary  Power  Unit  IAPU1 


I 


Performance  Data 

Fuels 

Mil  I %24  IP  1 and  r, 

Mil  I 10884  VV  f 800 
Mil  (',  i0r>0  AVC.AS 

Oil 

Mil  I 2104  MIL  L-7808 
Mil  I I029S  Mil  I 7 
Output  Pads 
( )ne  12  0(Xt  rpm 
Rotor  Speed 

0 L ',00  rpm 

Rating  at  59°F  Sea  Level  (14.7  psia] 

Zero  Hleed  28  hp 

Zero  shp  20  Ih  mm  blood  1 2 1 pressure  ratio 

Maximum  Continuous  Temperature 

1 loo°f  [ ( ,T 

Weight 

t.8  0 Hi  API1  includes  generator  and  starter 


Maximum  fuel  Consumption 
(Full  Load.  Continuous  Duty] 

27  ",  (pph) 

TBO 

2000  Ins 


.pTO  I 

• ’ R!  if  ( n f [ IS 
*.  tt’["  CP|  ( 0 Q I SIX. 


l Ru . .AePTO'OX 


BATFO  sph  ai  so'  rry 
/(BOO;  ’ I OSAf  S 

<<<  1 l It  if  S VA'N  RfOlirTlON  f.lARBOX  10SSFS 

'rP  CAi  ruACBfix  nss  Of  ?%i 


Mfl  niSIORIiONS  fffECIS 


S Aitmin  r.ORRir.tiorjs  lArmH  pso  u i 

■M.i  AlRf  I m IHROIK.H  f Nl  \l 

Wl  FUfl  MOW 

ff.T  - f XHAUSt  r:A<-  TlMPfRAIURf 

Pf  Rl  ORMA  *.'  I IS  NOMlf.AI  HUV  OOfS  NO!  INCI  Off  A',  .*.  'p.  ! > H PROOIK  PON  tOlfRAMCFS 


BLEED  AIR  TEMPERATURE  T,|“F|  I v* 


Standard  f eatures 

• I ntegral  Oil  S\ stem 

• \(  ( deration  ( ontrol 

• Automata  Start  Solid 
State  Speed  Sequencing 

• I ull\  Automatic  ( ontrol 
S\  stem 

• Single  Stage  Radial 
( ompressor 

• Single  Stage  Radial-Inflow 
I urhine 

• ( old  I nd  I )rive 

• ( an  ( omhustor  with  Motor  ( up 
Atomizer 

• Starts  within  id  Seconds 
from  (iScl  to  1 (0°l 

• Operating  Attitude. 

(±*0°Pitch  ±10° Roll) 

• Overspeed  Protection 

• Overtemt  erature  Protection 

• low  Oil  I ressure  Protection 


lor  more  information  writ n 
So/ar  /urhines  Intern, ition, il 
Pepnrtmont  "<>0  R, id  hi  I 
I n^me  Di\ isiort 

T?00 


Standard  Accessories 

• Oil  Pump 

• Oil  I liter 

• I uel  I liter 

• Ignition  System 

• I uel  ( ontrol 

• Oil  Pressure  Regulator 

• I ( I Thermocouple 

• ( Kerspeed  Sw  itc  h 

• Oil  Pressure  Sw  itch 

• Overtemperature  Switch 

• Magnetic  Speed  Pickup 

• Solid  State  Speed 
Sequent  mg  and 
femperature  ( ontrol  Unit 

• llectnc  Starter 


An  Operating  Group  of  International  Harvester 

2?00  Pacific  Hiqhway  PO  Bn  B0966  San  D'Pqo  Calilorma  92138 


ISSUED  10/17/6 


PERFORMANCE  DATA  AIMD 
LEADING  PARTICULARS: 

r,  ,p,  o MIL-G-3056  (TYPE  I).  MIL  G 5572  MIL 
U J-5624  (JP-4A.JP  51.  VV-K-211.AND 

VV-F  800  (DF  A,  DF  1.  A DF-2) 

OILS:  MIL-L-7808D 


OUTPUT  PAD<S) 


AND2OO02.  TYPE  XII  A 


8 OOO  PPM  CW 
(FACING  PAD) 


ROTOR  SPEED 


52  870  RPM 


RATING:  (FOR  INDICATED  APPLICATION) 


AMBIENT  COMO 


BLD  AIR  FLOW 


NONE 


TFMP 


COMBINATION  I PM) 


NONE 


T A|  I . A 1 ION  DPWG 


MOOFI  SPFC 


BASIC'  SPFF 


APPLICATION  EMU12/E  GENERATOR  SET 


■*1 

^ I 

m 

IQS] 

'Iggl 

m 

GTP3«-* ' 


STANDARD  FEATURES: 


C'OMPLt  TELY  AUTOMATIC  CONTROL 
CVSTEM 


OVtRUMPERATURE  CONTROL 


MEETS  MIL  I-616ID  EMI  RE  QUIRl  M;.NTS 
(START  CYCLE  EXCLUDED) 


INTEGRAL  OIL  RES'  'OiR 


OVERSPEED  CONTROL 


RADIAL  INFLOW  TURBINE 


0 250  INCH  MESH  INLET  SCREEN 


SINGLE  CAN  COMBUSTOR 


OUTPUT  SPEED  CONTROl  10  25  ' 
(STEADY  STATE)  REMOTELY  ACTUATED 


SINGLE  STAGE  CENTRIFUGAL 
COMPRESSOR 


STANDARD  ACCESSORIES: 

(INCLUDED  IN  UNIT  WEIGHT) 


DC  STARTER 


OIL  FILT  ER 


OIL  PUMP 


HOUR  METER 


TACHOMETER  GENERATOR 


IGNITION  SYSTEM 


ELECTRONIC  ENGINE 
CONTROL 

CHROMEL  ALUMEL  EGT 
THERMOCOUPLE 

OIL  LEVEL  DIP  STICK 

CONTROL  THERMOSTAT 

FUEL  CONTROL  WITH 
INTEGRAL  FUEL  PUMP 


OPTION  ALS: 

•REAL-LOAD  CONTROLLER 

•ISOCHRONOUS  SPEED  AND 
LOAD  CONTROLLER 


•CAN  BE  ADDED  WITHOUT 
CHANGING  THF  BASIC  ENGINE 


CUSTOMER  INSTALLATION  CONSIDERATIONS: 


I URL  REQUIREMEM  T S 


rmrsnio  5 PSI  ABOVE  TRUE  VAPOR  Plow  - 60  LBS/HR  AT 

PRESSURE  TO  20  PSIG  (MAX  ) RATING 


I i PCTPICAL  REQUIREMENTS; 


Starting  — MS24497  ni-CAD  battery  Operation-  SAME 

OR  EQUIVALENT 


OPERATING  ENVIRONMENTS 


I t one  ’ 200  F COMPRESSOR  INLET  AIR 

Tempo, ature  ^ ? 450  f from -65  to  4130  f 

Alt'tudo  START  AND  OPERATE  FROM  S A LFVEL  TO  10  OOO  FT 


INSTALLATION  C MARAC  TfcRlSTlCS  WILL  MODIF  V ST  ATT  l)  Pf  R»  QMV  A NC  t 
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POWER  CONDITIONING  UNIT 


CONTROL  PANEL 


FRONT 


ENGINE  GENERATOR 


ENGINE  GENERATOR 


WEIGHTS 

.125.0 

125.0 

85.0 


WEIGHTS 


ENGINE  GENERATOR 
POWER  CONDITIONING  UNIT 
FRAME 


• ENGINE  GEARBOX  GENERATOR 

• CONTROL/DIST  ASSY 

• FRAME/BATTERY  ACCESS  ASSY 


TOTAL 


TOTAL 


£ ' ‘i  | 
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Am  • ..  * K(l 

GNTERNATIONAI 

•P  "•!»  . ' ’ *»  - • «*  ‘ 

10  KW  60  HZ  GAS  TURBINE 

GENERATOR  SET 

| 10  KW  400  HZ  OR  28V  O.C. 

1 TURBINE-ALTERNATOR  SET 

r 
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Specification 

Cooling 

By  flywheel  mounted  Inn 
Lubrication 

A plunger  pump  supplies  oil  under 
pressure  through  a full  flow  filter. 

Governing 

lo  BS  649:1958 

Class  A2  for  constant  speed  engines 
fat  1500  and  1800  rev/min  only 
Class  R for  variable  speed  engines 

Starting 

By  hand  from  the  camshaft  is 
standard. 

Engines  may  be  started  at  the 
flywheel  end  using  increasing  gear. 
Electric  starting  also  available 

Power  take-off 

Full  power  at  the  flywheel  end 
(crankshaft  speed)  and  from  the 
camshaft  extension  (half  crankshaft 
speed) 

Rotation 

rilhei  rotation  available 

Standard  Equipment 

Fuel  filter  Lubricating  oil  filter 
Lifting  Eye  ' Air  Cleaner  'Starting 
handle  Operators  handbook  and 
Parts  List 

For  detailed  information  about 
Standard  Build'  configurations  see 
latest  price  list. 

Please  consult  R.  A Lister  lor 
'advice  on  applications  lor  poods 
above  2600  rev/min  Special 
consideration  must  be  given  to  the 
effects  of  increased  noise  and 
vibration  at  those  higher  speeds 


Performance 


A Continuous  b h.p  ft  DIN  62  70  ‘A' 

B • Intermittent  b h p ft  DIN  6270  R 
C Maximum  gross  b h p 

D Torque  at  intermittent  rating  and  DIN 
6270  B 

E Fuel  consumption  .it  full  load  -these 
fiqures  apply  to  fully  run  in.  non 
dented.  bate  engines  without  power 
absorbing  optional  arcessones 
tranmissions,  gearboxes  etc 

Derating  for  temperatures  above  30  C 
(R5  F)  and  altitudes  above  150m  (500 
ft  ) and  (tumidity  in  accordance  with 
HS  640/1958 

Rating  BS  649/1958  (and  Din  6270) 

This  is  the  bhp  which  tin*  engine  is 
capable  of  delivering  continuously  at  a 
stated  crankshaft  speed  in  accordance  with 
the  conditions  specified  in  BS  649/1958 
(Din  A ).  The  engine  shall  be  capable  of 
satisfactorily  providing  an  output  10%  in 
excess  of  the  BS  continuous  rating  af  the 
same  speed  for  one  hour  in  any  period 
of  twelve  hours  consecutive  runninq  (Dm 
B ) unless  tfiiving  centrifugal  water 
pumps,  fans  and  other  similar  equipment 
when  overload  is  trot  permitted 

Note  that  10%  overload  and  Din  B 
ratinqs  apply  only  to  a fully  run  in  engine 
This  is  normally  attained  after  a period  of 
approximately  50  hours  runninq.  but  if 
specially  negotiated,  engines  can  be 
Supplied  di-liverimi  these  nntmiK  ex  wort"* 


Technical 

Data 

Rev/min 

BS649  continuous 

b.h.p. 

kW 

3000 

21  0 

15.7 

2600 

20  0 

14.9 

2000 

16.2 

12.1 

1800 

14.6 

10.9 

1500 

12.0 

8.9 

1200 

9.4 

7.0 

Rev/min 

Din  6270 

B Rating 

CV/PS 

kW 

3000 

23.4 

17.2 

2600 

22.3 

16.4 

2000 

18.1 

13.3 

1800 

16.3 

12.0 

1500 

13.4 

10.8 

1200 

10.5 

7.7 

Torque  at  10%  overload  at  1800 
rev/min  Ibf  ft  46.85 

kgf  m 6.48 

Number  of  cylinders  2 

Bore  x Stroke  in  3.75  x 3.5 
mm  92  25  x 88.9 


Swept  volume  in’’  77.3 

litre  1.27 

bmtrp  at  1800  rev/min 

Ibf/in7  83.1 
bar  5.73 

Cyclic  irregularity  with  standard 
fly  wheel 

1800  rev/min  1/76 

1500  rev/min  1/53 

Weight  ol  hare  engine 

It)  375’ 

kg  170’ 


'Add  55  III  (25  Kg)  tor  cast  iron  fan 
shroud 


■ • \ 


— 


m mmm 


Principal  Dimensions 

A 2 1 7 1690mm)  D 8 5 (216mm) 


CODE  H Hydraulic  Pump  Adaptors 

Flywheel  end 
Gear  end 


B 70  7 (625mm)  E 12  0 (305mm) 
C ?R  3 (720mm)  F 9 0 (228mm) 


OPMONAl  ACCESSORIES 

CODE  A Air  Cleaners 

Heavy  duly  dry  type 
Medium  duty  dry  type 

CODE  R Flywheel  End  Drives 

Shalt  extensions 
Half  couplings 
Pulleys 
Clutch 

Adaptor  for  automotive  clutch 

CODE  C Close  Couplinq  Adaptors 

SAE  4.  5 h 6 

COOE  D Air  Duct  Adap'or 

CODE  F Starting  Equipment 

Geared  hand  start 
12v.  electric  start  with  loose 
panel 
Battery 


CODE  J Protection  Devices  and 

Solenoids 

Aii  temperature  and  oil  pressure 
switches 

Solenoids  for  fuel  control  and 
decompressors 

COOF  K Controls 

Variable  speed  lever  and  cable 
or  rod 

2 speed  control 

Remote  or  extended  stop 
control 


CODE  L Lubrication  Equipment 

Remote  Filter  adaptor 
lonq  running  equipment  (dry 
sump) 

CODE  N Exhaust  Equipment 

lisfe*  sdencer 
Heavy  duty  sdencer 
Flexible  exhaust  pipe 
Spark  arrester 


CODE  F Fuel  Supply  qurpment 

Engine  mounted  tank 
Wad  moitnt'nq  ranks 
Fuel  lift  pump 
1 uel  pipes 

CODE  G Guards  (s<  ■ non*  * h*  w ) 


CODE  P Gauges 

Ammeter 

I ub  Oi*  pressure  qauge 
I ub  or*  pressure  Qauqe 
r ombinr  l with  #•» 

temper  a t ii *e  qauge 

Mi  »'  mr'e r (vibratory  type) 


* I of  hnir  hand  s*  r and  electric  start  enqmes  starting  shaft  guards  are  available 
whir.li  in  the  opinion  of  R A | isfer  comply  with  the  requi"""'  'f  The  Health  and 

Safe  ty  at  w irk  *•  t ( Act  1974  (UK)  Addition  \ accessories  »•  □ gear  and  hydraulic 
pump  > I »pt(vs  * • ji 1 1 r «•  pi-  » .j  M'lh  which  R A t t « m .»  «..iu  « >1  wh'th  must 

tie  fitted  bv  the  p>ri*ias«  r 


CODE  Q Mountings 

Holding  down  bolts 


CODE  R Recommended  Spares 

2500.  5000.  7500  and  12500 

hour  kits 


CODE  S Sundries 

Primer  or  Lister  green  paint 
finish 

Operators  handbooks  and 
Parts  Lists 

Instruction  plate  loose 
Tool  kit 


For  full  details  of  our  wide  range  of 
accessories  please  refer  to  latest  price 
list 


SHIPPING  SPECIFICATIONS 
(approximate) 


Basic  nett  weight  * 3751b  170kg 

Basic  gross  weight"  4701b  210kg 

Volume  16.2ft3  0.47m3 


The  information  given  in  this  catalogue  is 
intended  for  the  assistance  of  users  and  is 
based  upon  results  obtained  from  tests 
earned  out  at  the  place  of  manufacture. 
The  Company  does  not  guarantee  that  the 
same  results  will  be  obtained  elsewhere 
under  different  conditions.  Prices  and 
specifications  art.  subject  to  amendment 
without  notice  and  all  information  given  is 
given  subject  to  the  Company's  current 
Conditions  of  Tender  and  Sale. 
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Specification 

Cooling 

By  flywheel  mounted  I.m 

Lubrication 

A rotary  pump,  below  oil  level 
supplies  oil  under  pressure  through 
a full  flow  filter 

Governing 

To  BS  649  1968 

Class  A for  constant  spired  engines 
Class  B for  variable  speed  engines 

Starting 

Starting  by  hand  is  standard,  at 
either  end  of  engine  Electric 
hydraulic  or  air  starting 
available 

Power  take-off 

At  either  end  of  the  crankshaft 
full  power  only  from  the  flywheel 
end  for  belt  dr ives 
Power  may  tie  taken  from  the  gear 
end  for  approved  applications 

Rotation 

Anti  clockwise  looking  at  the 
flywheel.  Clockwise  rotation 
available. 

Standard  Eguipment 

Exhaust  silencer  Fuel  filter 
f nil  flow  lubricating  oil  filter 
1 dime  eye  Oil  bath  air 
cleaner  Starting  handle 
Instruction  books  and  parts  list 
Tool  kit. 

Noise 

Where  quiet  installations  are 
required,  contact  mrr 
'Applications  Department  for 
advice 


Performance 
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RATING 

B S 649  1958  {and  Din  6270) 

This  is  the  b h p.  which  the  engine  is 
capable  of  delivering  continuously  af  a 
stated  crankshaft  speed  in  accordance 
with  flu?  conditions  specified  in 
R S 649  1958  (Dm  A ) The  engine  shad 
ho  capable  of  satisfactorily  providing  an 
output  10°  in  excess  of  the  B S 
continuous  rating  at  the  same  speed  for 
one  hour  in  any  period  of  twelve  hours 
consecutive  runr  .ng  /Din  B I unless 
driving  centrifugal  water  pumps,  fans  and 
other  similar  eguipment  when  overload  is 
not  permitted 

Note  that  10°o  overload  and  Dip  B 
ratings  apply  only  to  fully  run  m engine 
This  is  normally  attained  after  a period  of 
approximately  50  hours  running,  but  if 
specially  negotiated,  engines  can  be 
supplied  delivering  these  outputs  ex  works 


Technical  Data 


BS  649  1958  rev/min 

bhp 

ruling  2200 

44.25 

2000 

41  25 

1800 

37  5 

1500 

32  25 

1200 

25  5 

Din  'ET  rating  rev/min 

PS 

2200 

49  3 

2000 

46.0 

1800 

41 .8 

Max  gross  bhp  at  2200  rev/min  55  0 

Torque  at  10%  overload 

at  1 500  rev/min 

Ibf  ft 

124  2 

kgf  m 

17  2 

Number  of  cylinders 

3 

Bore  x stroke  in  4 25  x 4.5 

mm  1 07.95  x 1 1 4 3 

Swept  volume  in1 

191  5 

cm1 

3135 

timep  at  1500  rev  min 

lb  in’ 

88  9 

bar 

6 12 

Cyclic  irregularity  with 
flywheel  at 

standard 

1 800  rev  min 

1 /299 

1 500  rev  min 

1/201 

Weiaht  of  hare  enqine 

lb 

820’ 

kg 

372' 

‘Arid  8CHb  (36kg)  for  cast 

iron  fan  shroud 

HR3 


A-22 


c 

t \ mm 

0_ 

JyJ 


Principal  Dimensions 

A 30'  (762mm)  C 36  8 (909mm)  f 16  75  (400mm  > 
B 26  (660mm)  D 11  (279mm)  F 1 1 625  (295mm' 


Optional  Extras 

A'  I iplot  for 

,i  I lywhuul  housing  SA[  1 2.3  4 5 
h Cooling  .nr  out  lot  duel  for 
confined  space  installations 
An  i Icanor  (a)  dry  typo  medium 
duly  (Id  fit y typo  heavy  duty 
(cl  3 stupe  oil  truth  medium  duty 
Ah  temperature  g.uigi’ 

Battery  dry  ( harped 
dull  h 

Couplings  flexible  half  or  flexible 
whole 

Decompressor,  coupled 
Exhaust  silencer,  extra  duty  types 
E xhaust  pipe,  flexible. 

Flywheels,  variou  . to  suit 
application 

F lyr.\ heel  housing  cast  ron  for 
r lose  coupling  SAE  1 
Fuel  lift  pump 

Fuel  tank  Wall  mounting  7 gal 
(32  litre) 

Engine  mounted  4 5 
oai  I 20  I itre  or  9 gal 
( 40  litre) 

Gear  2 1 Reduction 
Guards  a Rotating  la;  screen  for 
ur.*'  in  dusty  r • rndit lore, 
h St.u  tii'g  si:  t (gear 
i ase  end) 

C Flywheel 

Hydraulic  pump  adaptor.  suitable 
for  most  manufacturers  pumps  and 
he  pumps  to  SAE  standards 


hawker  sinoFt  tv 


LISTER  DIESELS 


l uhr  ic.Minq  oil  cooler  ( tropn  . 1 1 
t nn< fition*;  1 

l « i Hr ; r ntmq  oil  pre/uire  ct.iuqe 
l llt)l  ic.itiiui  oil  dipslit.k  voiioii’x 

positions 

Profoc  l ion  devic  • s 

.1  High  .in  temperature  sw  1 1 • h 
I)  Low  oil  pressure  switch 
c 0 vet spi'Oc i switch 
ft  1 2 24 v f ucl  control  ■ o/enord 
(*  Mechanical  p'Oter  tion  for  high 
air  temperature  and  low  oil 
pressure 
Pulleys 

Running  hour  rp(  order  mechanical 
o-  electrical 

Shaft  extension,  flywheel  end 
a 2 dia  for  power  take-off 
h 1 5 rfia  for  starting  handle 
Shaft  ext  nsion  gear  case  end 
a V or  full  power  direct  coupling 
or  very  light  helt  or  chain 
drives  up  to  20  hp  at  2000 
rev  min 

h With  extra  hearing  for  aM 
heavy  duty  drives 

NO  f L the  use  of  either  of  these 
f'Xti'iiMori'.  rrece  .‘.dates  fitting  of 
1 h dia  extension  (fit  above  to 
the  flywheel  to  take  starting 
handle 

Speed  control  variable  for  rod  or 
cable  operation 


Sar  t mg 

a 1 2v  electric,  with  d c 
generator,  less  battery, 

( instruments 
suppl ied  loose) 
h 24v  electric  with 

alternator  less  battery, 
(instruments  supplied  loose) 
i T ypr  A with  dynamo  at 
guarcase  end 
d 1 ype  R with  dynamo  at 
flywheel  end 

• • Cubicle  for  electric  starting 
equipment  (supplied  loose) 
f American  starter  and  alternate^ 
fittings  including  gear  ring. 
,iltt*rnator  brackets  and  belt 
Tat  hometer  and  running  hour 
r co.  der 


Shipping  Specification 

(iipprgximato ) 


B •■..(:  nett  weights*  8201b  372kg" 
Basic  gross  weight ' 11701b  526kg 
Volume  37ft’  1 05m3 

• A.M  80lb  (36kql  when  cast  iron  fan 
Shrou  1 is  lilted 


The  information  given  in  this  catalogue  is 
intended  tor  the  assistance  of  users  and  is 
based  upon  results  obtained  from  tests 
a*'io-«  nit  it  the  p ace  of  manufacture 
The  C rnpany  does  riot  quarantee 
that  !*'.•  same  results  will  be  obtained 
p'sewt  ere  under  different  conditions 
Pnres  and  spec  f cations  are  subject  to 
amendment  without  notice  and  all 
information  o ven  is  given  subject  to  the 
Company  s current  Co  idittons  of  Tender 
and  Si  e 
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APPENDIX  *4 

DESCRIPTION  OF  SELECTED  ELASTOMERIC  CLASSES 


1 


% 


i 


Silicone  (MQ  FMQ  VMQ  PVMO  FC 
FE.  GE)  Si  licone  rubt“r  composes  - ver 
SJlile  family  of  semi  organic  synthetics 
that  look  ami  feel  like  organic  rubber.  yet 
have  a completely  different  tyre  of  struc- 
ture Irom  other  rubbers  1 he  b icktone  of 
the  rubber  is  not  a cham  ol  c arbon  moms 
but  an  arrangement  of  silicone  an.l  oxy- 
gen atoms  This  structure  gives  a very  tiux- 
ib!e  chain  with  weak  interchain  forces 
which  provide*-  a rema:  Hut  ly  small  chart -e 
in  dynamic  cham  lere.tics  over  a vide 
range  ol  temperature  S,:,.  one  rul'rers 
have  no  molecular  orientation  nr  crystalli- 
zation on  stretching  and  must  he 
Strengthened  by  reinforcing  materials 

Silicone  rubbers  are  at  thp  bnih  end  of 
the  cost  range  for  rubbers  but  they  can  be 
made  to  withstand  temperatures  as  high 
as  600  F without  Cetonoiation  At  toe 
other  end  of  the  sea  • silicon’  s retain 
useful  flexibility  al  ISO  F No  plasticizers 
are  needed  that  might  cause  some  sac- 
rihce  in  propeities 

While  the  strength  ol  silicone  rubbers  is 
lowerthan  that  cf  ether  rubbers  they  have 
outstanding  laiigue  and  flex  resistance 
They  do  rot  require  high  (ensue  and  tear 
strength  to  be  suitable  lor  dynamic  appli- 
cations Fall-oil  m tensile  properties  with 
extended  exposure  to  high  temperatures 
is  less  than  (or  other  rubbers  Resistance 
to  chemical  deterioration,  oils  oxygen, 
and  ozone  is  also  retained  under  these 
conditions  Chemical  inertness  makes 
these  materials  of  special  interest  for  sur- 
gical and  food-processing  equipment 


Polybutadlen#  (PR  AA)  This  general- 

poipnse.  crude-oil-based  rubber  is  even 
more  roul  tnt  Ilian  natural  rubber  It  was 
the  material  that  made  the  solid  golf  bal 
possible  It  is  also  superior  to  natural  rub 
ber  m low -temperature  flexibility  and  ex 
hib.ts  lecs  dynamic  heat  buildup  It  does 
however,  larx  the  toughness  durability, 
and  cut-grce !h  resistance  o!  f ; R u ran  be 
blend-  t w.th  natural  rubhet  or  SPR to  im 
prove  tti  u tow-temp  u3tute  '"oxifuilitv 
Silicones  have  superior  Irw-tempeiaturc 
flexib  lity  t ut  ,,ts  is  achiev  -d  al  j much 
*”nher  pnee  t at  a ; yi  fire  in  oltier 
properties  Surly  j .-Jr,;-.  sl'crn-tth.  tear 
resistance  and  gcrur.it  rt  r rp  tity 

Large-volume  pclybut ’diene  use  is  in 
blends  with  other  pclyme's  to  enhance 
their  resitienrp  and  reduce  heat  bui'dup  tt 
is  aKo  u;nd  in  products  requiring  high  re- 
siliency over  a b'oad  temperature  'anqe 
such  as  industrial  tuts  and  vibration 
mounts. 


Fluoro-ilicono:  (FVMO  FK>  Tins  type  of 
silicone  p’ovides  most  of  the  useful  dual- 
ities of  Ihe  regular  silicones  plus  im- 
proved resistance  to  many  fluids  L:  cap- 
tions am  l clones  and  phosphate  esters, 
however,  f VMQ  rubbers  can  be  bin  -ded 
with  conventional  dimethyl  silicones 
which  haw  ..ood  resistance  to  these  (tuids 
at  temperatures  to  300  F The  FVf.fQ  rub- 
bers are  must  useful  where  the  best  in  low- 
femperatu  e flexibility  IS  required  in  ad  li- 
' on  to  fund  resistance,  although  n.  „s- 
tJ  .ce  tiy  I aid;  (especially  those  Cunt  :rr- 
mg  aro.r.  h s)  is  poorer  than  that  ot  the 
FKM-iypo  ii.  .rocarbon  rubbers  Although 
improver  i.enis  have  been  made  in  tne 
guneial  snength  of  the  fluorosilicone  rub- 
bers mc”c  durability  under  both  static  and 
dynamic  stress  would  greatly  improve 
their  application  potential 

Fluorosihcone  rubbers  have  good 
dielectric  properties,  low  compussion 
set  and  excellent  resistance  to  ozore  and 
weathering  They  are  expensive  end  defi- 
nitely special  purpose  Typical  applica- 
tions include  seals,  tank  linings,  di- 
aphragms. O-rings.  and  protective  boots 
in  electrical  equipment 


• Ethylene  propylene  (CPR.  EPDM;  AA 
BA.  CA):  Like  H e butyls,  the  EP  'ubbers 
are  of  two  type1;  One  is  a fully  s ituratcd 
(chemically  inert)  copolymer  ot  ethylene 
and  propylene  (RPR),  the  other  (EPL'Mi  is 
the  same  as  t.es  plus  a third  polymer  build- 
ing block  (d  eno  monomer)  attached  to 
the  side  ot  the  chain  EPPM  is  chemically 
roactive  and  is  capable  of  suitui  vulcaniza- 
tion The  copolymer  must  be  cuied  witn 
poroxida 

Theso  materials  were  originally  touted 
as  being  the  economic  ultimate  m rubber 
materials— one  that  would  rut  natural 
rubber  out  of  business  This  economic 
superiority  was  never  achieved,  however 
because  of  trie  increasing  yield  per  ai_re 
from  nnlural-iubber  plantations 

Physical  pioperbes  of  EPR  and  EPPM 
are  not  as  gooo  as  those  obtain jbie  v.  .in 
NR  Howevei  property-retention  m-  better 
than  NR  on  exposure  to  t. eat  oxidation  or 
ozone  Bonding  is  somewhat  more  dif- 
ficult. especially  with  EPR 

Typical  applications  are  automotive 
hose,  body  mounts  and  pads  O-rmgs 
converyor  belting  wire  and  cable  cover 
window  channeling  and  other  products 
requ  ring  excellent  weathering  resistance 


Nature!  rubber  (D  1413  NR:  02000  AA) 
The  commercial  base  for  natural  rubber  is 
lafox.  a milk-like  serum  generated  by  the 
tropical  tree,  Hovra  Brrsiliensis  The  latex 
is  collected  in  much  too  same  fashion  as 
rr.aplo  s‘p.  However.  I ..  1 e ■.  should  not  f'e 
contused  v/it'1  the  S10  0j  q,c.  tr,  r>  ( atex  is 
rocroted  in  It  ’ inner 1 ik  el  tm  w o ,mda 
tree  can  t e v.m  i > !•  rmi-n  it  a tapping 
cut  is  C’mip  i no  in  ih  r a r.  w sa  . as  v.elt  as 
latex  f»atui  i'/ ocu'jr r m a '.u  - x r anicper- 
sion  of  rub!  i • ri  on  ■ -\-u\  i rum  con- 
taining \ !*>  ;.tn  aic  and  nrnanic 

substances  N t.-o.  .:rpi  .,ip.tut--(loulof 
this  solution  can  be  c hi  .lOC'erireT  as  a 
coherent  elastic  send 

It  is  .agamvl  natural  rub!::-r  that  all  other 
rubbers  s.hou!d  ho  measured  For  cen- 
turies it  was  the  onty  rubb  r avail.  and 
it  was  use  i ex'erv.ely  tv.  n . >t.  *o  the 
discovery  of  vulcpri-e.-.uon  m tH.tg 


Synthetic  rubbers  have  t ped 

either  by  accident  or  as  t:  1 pres- 

sures ot  pc 1 tic- 1 uphr  >1 
guent  unavc.b.tnl'ty  ut  the  nat.  nr 
However  no  Synthetic  ma'-. 
equalled  the  overall  er  gmc  ar.ic- 


tenstics  and  consequent  wid  t rude  of 
application  available  with  NR. 


As  with  other  rubbers,  many  grades  and 
types  ot  NR  are  available,  these  are  pro- 
duced by  varying  impurity  levrls  collec- 
tion methods,  and  process  nq  techniques 
Natural  rubt  r is  generally  const  iced  lo 
be  the  best  of  the  general-purpose 
rubbers  -those  that  enVcdy  proper!  es 
and  characteristics  s utab'e  tor  broad  en- 
gineering applications  Superior  com- 
pounds can  tv.  pvoiv  -ci  over  a wider  still- 
ness range  with  natural  rubber  than  with 
any  other  matorial  and  at  a competitive 
prlca  which  will,  in  ail  probability,  become 
•van  more  significant  as  the  energy  situa- 
tion worsens. 

Natural  rubber  is  likely  the  best  choice 
for  most  applications  except  those  where 
an  extreme  performance  or  exposure  re- 
quirement dictates  the  use  of  a special- 
purpose  i ubber.  often  at  some  sacrifice  of 
other,  less  critical  characteristics 


while  deformed  Its  high  inherent  re- 
silience. which  is  respons  ble  for  a very 
low  heat  buildup  in  hexing,  makes  NR  a 
prime  candidate  lor  shock  and  severe 
dynamic  loads  Propcrt.es  negatively  al- 
tected  by  heat  such  as  llox  abrasion  resis- 
tance cut  resistance,  and  endurance  gen- 
erally can  Pms  he  much  improved  NH  has 
low  compression  set  and  stress  relaxa- 
tion the'  1 characteristics  favor  its  appli- 
cation m scaling  devices  where  mainte- 
nance cl  sealing  forces  and  the  surface 
confcrmabrlity  ot  high-quality  sort  stocks 
aro  important  Further  advantaoes  are  ex- 
cellent green  (oncured)  strenqth.  building 
tack  and  general  processing  characteris- 
tics 

Natural  rubber  does  have  some 
shortcom  rgs.  as  do  the  other  general- 
purpose  rubbers  There  are  rubbers  for 
example  that  maintain  initial  properties  at 
greater  extremes  of  temperatures  Tno 
uselul  service  temperature  ot  natural  rub- 
ber is  generally  considered  to  range  (rom 
-65  to  (in  special  cases)  s250‘F.  which 
covers  most  applications  Other  draw- 
backs of  NR  such  as  poor  oil.  oxidation, 
and  ozone  resistance  can  be  minimized  or 
virtually  eliminated,  either  by  proper  de- 
sign attention  and/or  by  compound. ng 
These  degradative  forces  a-e  essentially 
surface  effects  which  can  be  foierjted  by 
using  thicker  cross  sections  shielding,  or 
antioxidants  and  antiozonants 

Natural  rubber  often  can  be  the  first 
choice  for  many  hlgh-peiformance  appli- 
cations If  II  can  be  made  to  live  in  the 
service  environment  It  icmams  the  best 
choice  for  fires,  shock  mounts  and  otner 
energy  absorbers,  seals,  isolators  cou- 
plings. bearings  and  other  motion- 
accommodation  devices,  springs,  and 
other  dynamic  applications 


Natural  rubber  has  a large  deformabihty 
capacity.  This,  coupled  with  its  ability  to 
strain  tryit;  Hire,  gives  it  added  strength 
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Eplchlorohy  dim  (CO  ICO  I H) 

Epichlorohydnn  nil  h«'»  p ..v.u'uhl.  i a 
homopolymei  (CO)  aiul  .1  » upoiv  mei 
(ECO)  ol  epu  hl«»i.»hy*1im  H.'infou  »ul 
these  fubbets  Ik.m*  moderate  I*  nsih 
strength  and  < luiuj.ihon  p<  >(••*» pin?, 
an  comhinat  i of  nti  ■ • » hum 

tenstiCb  One  ot  tlu  ..*  1 . lo.'  o-  it  1 oiidup 
which  nukes  Hum  • . e • f 1 .q  » lu  «i 
lions  involving  1 >1  lie  shoi  K 01  vil'f  •*  on 

The  homppolymer  h ’s  out1-1  puling  m 
Sistjm'c  fP  07.  K pood  » .1  l.rii  • to 

s.wHmg  by  oil*,  ml.  . .*>  1,  lu-.n  • . • • , , 

lance.  i-Kluur.  I\  low  perm  itnl  ty  !o 
gases.  n.id  fo  . lit  nt  .*.«*. » ! I in  i p<o;u-f 
lies  1 h«s  rubber  .•iso  h.»  . low  cm  mem  • 
Ch*»mct.'i istics  . n;1  h w u-n.pt  i .Iiii  • t •'* 

• bifity  only  to  i»  r ch,n.ic(on:.tK *»  that 
may  not  be  desiinblt*  fur  tome  applua 
lions 

1 he  ( opoly  emr  i»>  ii.t'if  r • / *-  * 1 1 r.t  and  h 
low-temper, ituro  flexibility  to  40  I hut  it 
has  poorer  pernuv.bility  characteristics 
Oil  resistance  d both  compounds  is  about 

the  same 

Typical  appl'Cations  tor  these  rubbers 
include  bladders.  diaphragms  vibration 
control  equipment,  mounts  vibration 
dampeis.  seal.,  gaskets,  fuel  ho  .o  rollers 
and  belting 


Styrene  butadiene  (‘.HR  AA  HA)  This 
motonal  omor'i  • 1,  * ahiqfr  volurnn  substr 
t 1 to  lor  RR  during  World  W.  r II  h*»cHu'.e  of 
its  suitability  f or  us 0 in  t m \ iX*  spite  the 
fact  that  t ho  t .*  ,tf.  feedstock  for  Stiff  is 
Ciuu'e  Oil.  it  I.  •.  remained  quite  conq  eh- 
two  in  r ost  1 1*  < t.i:so  of  the  ext*  1.  m.e  pro 
ducfion  cr.pc,  ity  for  SUR  m tin*  (i  S 

SDR  continue  to  f.e  Uv.«t  m m.mv  of  the 
appl  e r.tion*  v.T.uo  it  v art.  n pi  seed  UR 
©vr  n thou  jn  :t  d.  os  not  t . . 1 v . • tf  1 nv.u.ill 
vvrs  qility  c t I . . htral  n hhrr  and  the  other 
general  pu*no  • mail  nals  lor  most  ap- 
plications.  . i mu *.t  t ••  r«  uifon  i d 
(hon*.  a MO\-'.  . r <•  Mi  it.  1 ) 1 I orcl*  r to  t'  ive 
.ICc  t fji.V  Mrfnqlh  Je  it  rose, 

tanco.  ; • .r«  r . neril  dei-thili. y ShR  is  «aq 
ndic..r.tty  less  resilient  than  •*  H m»  it  has 
higher  h :t  buildup  on  lx  nr.  1 Fort  h*»r  it 
does  net  havi  tnr*  processing  aunt. *b<  at- 
•*'g  qu  .Idles  of  NR.  lacking  t,  ah  go  i n 

engtli  cr.g  Lutldmg  tack 

An  important  reason  for  the  ccnt>hji'd 
high  volume  use  of  S13R  is  that  it  u.d  a 
croditablo  job  in  passonqr  r car  tues  twiv- 
fhp  good  abrasion  resistance  and  general 
durability  Recently  that  picture  has 
changed,  however,  because  of  the  greater 
need  for  the  omen  strength  and  buitdmg 
tack  of  natural  rubber  in  radul  fires  and  lor 
tho  t’Ctter  low  t mperatvire  flexibility  of 
natural  rubber  for  snow  bres  (w.(h  studs 
being  on  the  w^v  outj  M nh  ( crtonnance 
tires  SUCh  AS  for  fr-.r  Vs  er.  raft  t'  tve 
always  been  made  from  natural  rubber  if  it 
was  available 

Specific  product  use  of  TJ>R  rubbers  is 
somewhat  the  same  is  ft*'  n * t •.  1 r 1 1 rubber 
cicept  for  products  neocm  i h qti  gudlny 
soft  sfo<  ks  and  lei  oitwr  applications  lt>al 
are  mo'e  demanding 


Urcdhane  (AtJ  f U ff(4i  It?  *i»  rut)bers. 
Coinbin.ihnn't  of  | oJ yosie/v  O'  polyelheis 
and  dm  zi  y.n.ites  are  unusu.  l in  that 
physK.al  properties  do  not  depend  r.n 
cornpoundfn<j  materials  Urr  ft  .nes 
crov.lmk  arid  undergo  i t un  erfnusion  to 
producf.  a wide  variety  of  corn;  c j'.ds 
They  are  available  as  c.rstabh*  or  liquid 
niat^riaij  and  ns  solids  or  n .liable  gums 

Urtdhn.io  (jolymers  have  exccll'o.t  ten- 
sile stn  noth  load  bearing  tspaedy.  -r.cf 
elorej.it  (in  potential,  accornp  rued  by 
feoh  luiroiv  4s  arid  outstanding  l+'j 
fese  t.»  » c*  Other  properties  inch-**1  ' . 

tear  ‘.treogth  either  high  or  low  coeibc.  r.t 
of  fnction.  and  good  elasticity  jno  n- 
Silience.  even  m very  hard  stocks 

Typical  applications  include  seals 
bumpers  met jl  forming  dies  valve  sva.s. 
liners  rouplinq  elements  rollers  ,vn  ;ij 
arid  conveyor  belts,  especially  w-n  "C 
dbr.tjwr*  conditions  arc  present 


Butyl  (HR,  CIIR.  AA  DA)  The  two  types 
ol  rubber  m this  category  are  both  based 
on  crude  oil  The  first  is  polyisobutylene 
with  an  occasional  isoprr  ne  unit  inserted 
in  the  polymer  chain  to  enhare  vu  cani- 
aahon  characteristics  The  second  is  the 
same,  except  that  ch'orme  is  acdi  1 (ap- 
proximately 1 by  weight)  resutmg  in 
greater  vulcamiation  tievibil  ty  and 
enhanced  cure  compatibility  with 
general-purpose  rubbers 

Butyl  rubbers  have  nu,".taii  te'g  imper- 
meability to  v • '•»  • -I  exc-mon!  o»  ..  itmn 
and  ozone  ie  sta"  Hitch  nerr 

ness  is  further  r -t  r:  1 m s ot 
molsculaf-v.e.m.t  t r •>  juv/n  m im/|  pro 
ceasing,  thus  {'i-imnung  tee  use  ot  hot- 
mixing  techniques  tor  better  pc  tvmui  tiller 
interaction 

Flox,  tear,  end  aliras  c resislanee  re- 
proach those  ot  natural  rubn-r  ana 
modereto-strengih  (2  000  pci)  unrem- 
forced  compounds  can  he  nude  at  a com- 
petitive cost  They  do  lac*.  iho  tougnni  ss 
end  durability  of  some  ot  the  gcneral- 
purpose  rubber,  however 

The  attribute  responsible  lor  the  high- 
volume  use  o’  butyl  rubber  in  automotive 
inner  tubes  and  tubeless  tun  mnniliners  is 
it*  excellent  impermeability  to  air  Here 
they  occupy  a dominant  position  The 
butyls  are  also  used  in  belting,  steam  hos" 
curing  bladdors.  O-rings  shock  and  vibra- 
tion products,  structural  caulks  and 
sealants  watr-r-barnor  applications  root 
coatings,  and  gas-metoring  diaphragms 


Neoprene  (CH.  DC  BE)  Fxcejt  lor 
polybutadn  ne  and  polyisoprene  neo- 
prene ispchapsthe  most  lubberlikeot  all. 
particularly  with  regard  to  dynan  re- 
sponse Neoprenes  .ire  a large  family  ol 
rubbers  that  have  a property  profile  ap- 
proaching tnat  ol  natural  rubber  and  with 
better  resistance  to  c its  ozone  o»'c.ahon. 
and  t ame  they  age  better  and  do  net 
solten  on  ti ’at  exposure  aitnnuyh  high- 
ternpi  nature  t nsile  strength  nviy  be  lower 
than  that  of  Nff  These  materials  like  '<H 
ran  be  n-.  • n to  n .ikr  suit  inr/i  ..trcngth 
Compounds  A s i‘ri  In.  rrit  cMli  fence  is 
that  nr  ."-.I:;  ben  It-  ncoprrnc  be.ng  rno'n 
cosily  than  NR  try  tne  pound  t!  density  ol 
neoprene  is  about . b o higher  than  that  ot 
natural  rubber  Neoprenes  do  not  have  tne 
low-temperature  I'ex.bility  ol  natural  rub- 
ber which  detracts  from  :m  r use  in  snock 
or  impact  applications 

General  purpose  n-.  'prenes  are  used  tn 
hose,  belling  wue  and  cab  loutweat 
coated  tabrirs.  t rrs.  mountings,  bearing 
pads  and  pump  impellers 
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Polyiultldo  (Pin  AK  BK)  These 
polymers  have  outstanding  resistance  to 
oils,  greases.  and  solvents  but  iney  have 
an  unpleasant  odor,  resilience  is  pooi  and 
heal  resistance  is  only  tan  ALi.  smn  re'  is- 
tance  is  about  trait  that  ol  natural  rubber 
and  tensile  strength  ranges  Irum  t 200  to 
t 4u0  psi  However.  lues  till  re- 

tained alter  extended  n.ims/  .ion  in  oil 

Basic  properties  ol  polysu'lrde  polymers 
are  determined  by  the  typeo!  chain  ^nur- 
ture ,»nd  the  number  ot  su:h n aton  s ■*»  ’”e 
rolys,  iide  groups  tncrea  eg  sultu-  -.on- 
central. on  improves  solvent  auc  oil  resis- 
tance. and  also  reduces  tne  per.-.  ..hu  t/ 
to  gases  These  materials  are  used  in 
gasoline  hose  printing  rolls,  ana  newspa- 
Pci  blankets  Other  uses  include  caulking 
materials,  adhesives,  and  binders 
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Typical  properties  of  theirnonlastic  elastomers 
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Copolyesters 

Copolyesler  thermoplastic  elastomers 
•re  generally  tougher  over  a broader  tem- 
perature range  than  the  urethanes  They 
•re  produced  Dy  DuPont  (Hytrel)  in  tou; 
hardnesses  ranging  Irom  90  Shore  A to  72 
Shore  D These  materials  are  suitable  tor 
injection  molding,  extrusion,  rotational 
molding,  and  thermoformmg  Powders 
•re  available  for  fluidued-bed  coatings. 

These  efastoplasfics.  which  are  in  the 
same  price  range  as  the  urethanes,  have  a 
high  modulus,  good  elongation  and  tear 
strength,  and  good  resistance  to  flex 
fatigue  at  both  low  and  high  temperature 
Brittle  temperature  is  below  -90‘  F.  and 
stillness  increases  only  moderately  at 
-40'  F 

Resistance  ol  the  copolyesters  to 
nonoxidizmg  acids,  some  aliphatic  hydro- 
carbons aromatic  lufrls.  sour  gases  al- 
kaline solutions  hydraulic  fluids  and  Oil  IS 
good  to  excellent  However  strong  min- 
eral acids  and  bases,  chlorinated  solvents, 
phonols.  and  cresols  soften  or  swell  these 
materials.  Weathering  resist. mcc  is  low 
unless  antioxidants  or  carbon  blacks  arc 
compounded  with  the  resin 

Applications  of  Hytrel  elastomers  in- 
clude hydraulic  hose,  power  transmission 
belts  and  couplings,  tracks  tor  snow- 
mobiles low-pressure  tires  rolls,  ana  wire 
and  cable  lacitcting 

Li 


Styrene  copolymers 

The  styranits  are  the  lowest  priced 
thermoplastic  elastomers  They  arc 
block-copolymers.  produced  wdh  hard 
polystyrene  segments  in  a matrix  of  either 
polybutadiene  or  polyisoprenc 

These  block-copolymer  elastomers  are 
resilient  materials  available  in  several 
molding  and  cxlrusion  grades  ranging  in 
hardness  Irom  40  to  95  Shore  A Styrene 
copolymers  arc  produced  by  Shell  Chemi- 
cal Co.  (Kraton)  ana  Phillips  Petroleum 
Co  (Solprene) 

Tensile  strength  ol  these  materials  is 
lower  and  elonn.  iton  is  higher  than  SBR 
or  natural  rubcer,  and  weather  resistance 
is  about  the  same  Other  resistance 
characterist'cs  ran  be  improved  by  the 
addition  ot  resins  such  as  polypropylene 
or  ethyleno-vmyl  acetate  The  styrenic 
elastoplastics  resist  water,  alcohols,  and 
dilute  alkalies  and  acids.  They  are  soluble 
in.  or  are  swelled  by.  strong  acids,  chlor- 
inated solvents,  esters,  and  ketones.  One 
typo  has  a service  temperature  limit  of 
150°  F another  grade  can  he  used  to 
300"  F Both  have  excellent  low-tempera- 
ture flexibility  to  - 120'  F 

Applications  lor  the  styrene-butadiene 
block  copolymers  include  disposable 
medical  products  food  packaging  tub- 
ing sheet,  belting  mallet  heads,  and  shoe 
soles  These  materials  are  also  used  in 
sealants  and  pressure-sensitive  adhe- 
sives 
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